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December 29, 1983

U. S. Nuclear Regulatory Comission
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. SMB-179. This amendment would incorporate an
addition to our Scrap Packaging Procedures in accordance with the NRC's
low-level waste Volume Reduction Policy. Furthemore , we are requesting
authorization to conduct research and dt.velopment for the reduction of
low-level waste generated, and ultimately shipped to commercial waste
disposal sites. These recearch and development efforts will entail both
research conducted for volume reduction, and new product development. The
following process description outlines an alternative waste consolidation
methcd for the treatment of depleted uranium scrap.

Alternative Method for Processing Depleted Uranius Scrap

1. Backgroun.3 y
Nuclea.r Metals, Inc. has traditionally inerted pyEpphoric depleted

uranium (* DU) scrap by encapsulsting it in Portland cemedt. Experiments,
testing and pilot operations have validated an alternativegreatment method,
involving the cleaning, dryin; and two-stage compaction of the turnings in a
metal can. The product is a coljd sheathed billet with a deTsity of over 80%tof cast uranium. Cross sectioning of billets reveals a soTjd surface, with
little apparent macroscopic internal structure, that resists burning upon
direct application of a flame. Randomly selected billets have 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
'

veight percent of the total uranium present. Depleted uranium does not
include special nuclear material".
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t
2. Description of Process '

t

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

i

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 1 " thick, weighing on the order of five
to seven pounds, and having a density relative to cast uranium of at least '

404.
,

c. Consolidation '

Briquettes are s;anually stacked in cylindrical or prismatic metal cans
of compatible cross section with welded bottom cover plates. 1bp cover
plates are placed on filled cans, which are then compacted by a hydraulic
press with a ram 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 4" O.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 IJN facility.

>

8

3. Significance

When packaged for shallow land burial, volume reduction attained by
consolidation of scrap over cement encapsulation at historically achieved

iloading densities is greater than 19:1. In addition there is a potential for jlicensed and controlled utilization of compacted billets as ballast weights i

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 conduct 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,

|x ^ Eu .Qsn w
'foserfh Lischinsky j
Regulatory Affairs Specialist
Health Physics Department

Attachment
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Mr. Joseph C. Wang
U. S. Nuclear Regulatory Comunission
Material Licensing Branch
Division of Fuel Cycle and
Material Safety

Washington, D. C. 20555
4

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 into our renewal request.

In reference to your letter dated November 9, 1983 which asks for
additional information to support 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 do not hesitate to contact
us.

|
1

Sine rely,
i ,

i

/c // W
,

Frank J. Vusdiaco, Manager
Health and N diation Safety

FJVaaj

| Enclosures
|
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MMI INTERNAL EXPOSURE EVALUATION PROGRAM

As requested in the 5 August 1983 Confirmatory Action Imtter's Item
No. 6, a icview of the elements of our Internal Evaluation Program is
attached. The elements reviewed are as follows: .

4 .

1). Metaholic Models for Uranium and Thorium
.

2). 10 CFR 20 NPC, for Depleted Uranium and N rium-234

3). NMI Air Sampling Program

4). NMI Urinalysis Program

5). NMI Annual Lung Counting Program

Program Susunary

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 '

KPC values has the needed sensitivity for determining compliance with I

10 *CFR 20.103. Furthermore, the Intake Method is recomunended in
Regulatory Guide ~ 8.30 and has been and is currently in use at HMI.
Chronic ar.d acute exposures to soluble DU land themselves to further
exposure control and diagnostic evaluations. The previously stated 50
mg/l investigation limit and 100 mg/l work restriction limit are still
applicable. Chronic and acute 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 progra flexibility:;

!

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

B). Particle sizing to determine k3D by area for adjustment of,

the ICRP 30 Lung Model.

C). In-house lung counting A Tu . % and possibly DU.

D). Urine. lysis for unsupported Th-234 based upon metabolic model i
and a potassium (i.e., K-40) precipitation using sodium cobalt '

nitrite in order to reduce background.

|
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METABOLIC MODF1S FOR URANIUM AND THORIUM
.
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General Review

The evaluation of bioassay 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 Report. The
respective models used do not easily allow evaluations of intake based
on bioassay data. With this in mind, and precedent existing .(see NRC
Regulatory Guide 8.9) for the use of more current ICPP models, various
exposure scenarios have been examined using the 1979 Committee 2 ICRP
Publication 30 models. The lung model, GI model, and retention
functions reconmended in this publication have been used to generate the
attached data. A sunmary of the metabolic data is below.

Uranium

a) Uptake to Blood

/1 (se e te U> 0.05=
,

f1 ansa 1e U) 0.w2=

b) Inhalation Class

. Compound Class
-

UF '6 2 3, W ("O I32F D 0.052

U0 , W , UC1 w 0.053 4 4

UO ' U 0 Y 0.0022 38

c) Distribution and Retention

7

R,(2) jg exp (-o(j ./ )C=

i =1
*Where, C 0.20 W In 2/20d= =yg 1

> Bone
C 0.023 : g3 In 2/5000d= =.

2S
J

C 0.1233 w3 In 2/6d 9= =

> Kidney
C = 0.00052 ; g4 In 2/1500d |=

43
s ,

0.12 ; w3 In 2/6dC *= =
SS

> All Othr Tissues '

C 0.M052 : g In 2/1500d= =
65 6

,

C = 0.53596 : oc = In 2/0.25d Excretion73 7

__._._ ________ _ _ ._ -. ._ _ _ _ _ . _ . _ _ .-. _ . - - _ - - - . _ _ _ . . . ., __
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METABOLIC MODELS FOR URANIUM AND THORIUM
, ' ' - Page 2

d) Additional Data
.

F = 1.0 (ICRP 10) *

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

Thorium
-

a) Uptake to Blood

(All Compounds) 2 x 10=

b) Inhalation class

compound Class *

Oxides & Hydroxides Y 2 x 10~4

All Others W 2 x 10
~4

c) Distribution and Retention
.

4

R,(/) {C exp (-o(jI)=
jg

'

j. =1

Where, C 0.70 et = In 2/8000d Bone
=yg

C 0.04 : =
2S oc2 in 2/700d Liver=

C = 0.M : =
33 g3 in 2/70M M1 Mer Masues

C = 0.1043 e( 4 in 2/0.5d Excretion=

d) Additional Data

F = 0.9 (Conservative values ICRP 10A reconmends"
F = 1.0, F = 0.01)j

AMAD 1 mm (ICRP 30)=

- .. - - . . _ _ _ _ _ _ - _ _ _ - - . _ _ _ . . . - _ _ - - _____
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IlltLEAR PETALS M 29-tEC-43. ' ' "
IERIVED ME5fl04 Tim LEWELS PROE 1

'

m etim 230 *

00lGtlC 9004tATim INTAME 1.000D 00 og /ORY

100.01 CLA$$ Y 1.0 MICIM MTICEATE FMCTim Fem Il TO SYSTm!C (Fl> 2.000E-03

SFSTmlC KT9ffim EtmTim PIWKTERS
'

.

C H AfflENT CIEFFIC19(T IItLFLIFE(MYS)

1 5.360E41 2.500E-t!
2 2.400E41 4.000DH

| 3 2.000E41 2.000001
4 1.H0E-43 1.50E43

,

5 2.300E-42 5.000D03
!

FMCT191 EXCRETD IN IBM (FUM !.000000 FMCT194 W MARE DEPOSITD IN 000Y= 0.630
PlffSICAL letLF LIFE = 1.450E+12 MYS TM BffDWL FOR MIBENTAL IRM INLI9= 1.000E+00 MYS,

I

OMIC INTAKE PERlW= 2.00000204YS

CYS P90T lenSAL L1Iml Lies 81 SY5fBilt TSTAL ACCINEATB ACCINGATD DER 9 ENTAL IItSTEMWS
DITAEE REDEN MADEN R W 96) RESEN WAIEN REDIN FECES WK WM WM

ag og as as as as og og og og /L

10.00 1.714E-41 2.502E43 1.40E40 8.32E41 1.4fdE-42 2.530D00 3.560D00 3.H5E42 3.444E-43 2.447E-43
| 20.M 1.714E41 1.02dE-42 3.14dE+00 0.361E-41 2.#2E-02 4.029E48 0.32fE+08 7.077E-42 4.279E-43 3.072E-43'

N.00 1.714E41 2.2f3E-42 4.420E+M 0.30E-91 3.377E42 5,500D00 1.311D81 1.15E-ti 4.4dlE43 3.34tE-43
40.00 1.714E-41 4.Hff-02 4.075E+00 0.4ME-41 3.92E-42 4.955E+00 1.7tlE+01 1.M0E41 4.951E-03 3.544E-83 '

50.00 1.714E-t! 4.205E-42 7.50 N+00 8.431E-41 4.30E -42 8.3NE+00 2.272D01 2.14ff-t! 5.lf0E-43 3.72tE-43 .

M.00 1.714E41 8.ff0E42 8.924E+00 8.453E-41 4.??ft-42 f.t!7E40 2.754D01 2.#1E-el 5.421E-93 3.07?E-83
'

70.00 1.714E41 1.21E41 1.03M +0! 8.475E-41 5:175E-42 1.12M*01 3.230D01 3.235E41 5.430E-43 4.020E-43
10.00 1.714E-41 1.577E-41 1.172E+0! 8.497E-41 5.52fE-42 1.2M+0! 3.723D01 3.00fE-41 5.02fE-43 4.170E-83

-

i M.00 1.714E-01 1.983E-41 1.30f0 01 0.519E 41 5.edE -42 1.4000 01 4.209001 4.402E-41 4.022E-43 4.30E-43
} 100.00 1.714E-01 2.432E-41 1.4G+0! 8.540E41 d.lffE-42 1.537D01 4.494D01 5.Il5E41 4.211E-43 4.443E-03

!!0.00 1.714E41 2.723 Ell 1.500 Del 0.541E-41 4.525E-02 1.672D01 5.105D01 5.64dEt! 6.397E-43 4.57E43 i
120.08 1.714E41 3.45dE-41 1.71M+01 8.502D41 d.NfE42 1.00dE+0! 5.674E*01 d.2fdE-41 4.501E43 4.70M-03 1; 1 30.00 1.714E-91 4.02ft-41 1.MSD01 0.402E-41 7.173E42 1.93E+0! d.145E41 d.fME-41 d.745Et3 4.030E-03 1

140.00 1.714E-41 4.M2E41 1.975D01 0.422E-41 7.4fE42 2.049D01 4.45M+81 7.450E-41 4.947E-43 4.feIE-03
1 50.00 1.714E41 5.294E01 2.105D01 0.M2E-81 7.025E-02 2.199D01 7.151D01 0.355E-41 7.12fD43 5.090E 43i
140.08 1.714E41 5.ft4E41 2.232E+0! 8.442E-41 0.155E-42 2.327E+01 7.445D01 f.070E-41 7.310E03 5.22E43I
170.00 1.714E-01 4.712E-41 2.359D01 0.d41E-41 0.40fE-92 2.454 Del 8.140 0 01 f.IlfD41 7.4f2E-43 5.350E43) 100.00 1.714E-41 7.475E41 2.404E+61 0.700E-fl 8.02dE-42 2.500E+0! 8.43M+0! 1.050Det 7.474E-43 5.407E-03|
190.00 1.714E41 0.275E41 2. mfd 01 8.71fE-41 f.167E-02 2.705D01 f.134D01 1.13dDM 7.05E-43 5.dt?E-43

1 200.00 1.714E41 f.10fE-Gl 2.731E41 8.737E-GI f.512E42 2.020001 f.433E+0! 1.21E+00 0.030E-93 5.747E-83'

210.00 5.100E49 f.952E-fl 2.#4001 4.275E42 8.IME42 2.4fM41 f.777E+0! 1.2dE+M 4.554E43 3.230D43
220.00 1.522E-Id 1.070E+00 2.45M41 4.122E-02 7.532E-02 2.4dE+0! f.00!E+0! 1.30fE+00 4.12M-43 2.935E-83
230.00 4.53N-24 1.150D00 2.430E+41 4.0ddE42 7.194E-02 2.MID01 f.024 Del 1.34fDM 3.92X-43 2.79M-43
240.00 1.352E-31 1.230E+08 2.40M+01 4.IlE-42 7.00E-92 2.414E+0! f.M7E+0! 1.307E48 3.016E43 2.723E-83

t

250.00 0.000000 1.31E+00 2.577D01 3.954E-42 4. file-92 2.500D01 f.t?tt+0! 1.425E+00 3.752E43 2.47E-43
240.H 0.000E+H 1.391E+00 2.551D01 3.900E-42 d.071E-42 2.541D01 f.092D01 1.4dE+08 3.712E63 2.650E-43
270.00 0.000E*M !.4dE40 2.525D01 3.MdE02 4.InfE-42 2.53dE41 f.914E41 1.500D00 3.dedE43 2.432E-93
200.00 0.000D00 1.53?E+00 2.4ffE41 3.793E02 d.0HE42 2.510D01 f.f34001 1.53dD00 3.470E43 2.42tE-03
290.00 0.000D00 1.400E40 2.474E*01 3.741E-42 4.93E42 2.405E*01 f.950D01 1.57X+00 3.640E03 2.614E-43
300.00 0.000E 80 1.470D00 2.44fD01 3.490E42 4.ff4E-02 2.440D01 f.979 Del 1.4M0G4 3.454E03 2.610E-03 1

,
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IWCLEAR f G tLS INC 294EC43
,'- SERIVED NESTimTI(M LP/ELS MIE I

M im 230 -

OWHIC DettLATim MTAKE I.000E+00 at / DAY
100.R CIAS$ W 1.0 MICRW MfilCEATE FMCTim FRm Of TO ff5Tmit (Fl> 5.000E-02

5YSTEMIC ETM191 EONTim MONTER$ I

U|"!ARMNT COEFFICllNT IItLFLIFE(DAYS) '

1 5.340E-01 2.500E-41

2 2.4ME-41 4.000E*00

3 2.000E-41 2.000E+0!

4 1.040E-43 1.500E+03

5 2.300E-42 5.000E+03

FMCTim EXCRETED IN WM(FV> 1.000E+00 FMCTim IF INTAKE EPOSITED IN 00DY= 0.430

PHYSICAL lenLF LIFE = 1.450E*12 MYS TM NEML FOR IfCRIMENTAL WINE 54fLE> 1.000E+00 MYS
O W Nlt N AKE PERIOP 2.000E+02 MYS

MYS POST 1960AL L119H LM 01 SYSTmlC TUTAL ACOMRATB ACOMRATS INCRINNTAL INSTMTMOUS
NAME M DIN AmlH M DIN MDIN M OEM IN00M FECES WM NN WM

80 og og og at og og og og og /L

10.00 1.562E-ti 7.fME43 1.5fM+00 7.000E-41 3.2dfE-Ol 2.424E+04 2.735E40 5.M2E-el 7.lllE-42 5.140E42

20.00 1.562E-Ol 2.007E-02 2.MIE+00 7.201E-41 5.241E41 4.005E+08 4.905E40 1.374E+04 0.430E-42 d.050E-02

30.M l.5E-91 5.f3fE42 3.93dE+00 .7.347E-t! 4.dd8E-41 5.33fE+00 1.114E41 2.2ddE*M f.203E-92 4.45dE12
40.M 1.542E-41 f.edE-42 4.900E+M 7.51X-01 7.000E-91 4.432E+00 1.530E41 3.231E40 9.724E-42 7.ltfE-02

'
5 .00 1.542E-t! 1.30E-01 5.740E+00 7.63fE-01 0.74ff-el 7.30fE+00 1.770E+0! 4.253E+00 1.045E-41 7.400E-42,

40.00 1.5 E -41 1.027E-t! 4.495E+M 7.74fE-41 f.400E-41 0.230E40 2.40fE*01 5.322E+00 1.00fE-41 7.794E-42

M.00 1.5 E -41 2.204E-41 7.152E 40 7.M5E-41 1.03dE 46 8.972E+8t 2.054E*01 4.433E*M 1.127E-Il 0.044E42

II.00 1.562E-41 2.744E-41 7.73E+M 7.72E-41 1.104E+M f.427E+40 3.3HE+0! 7.579E+00 1.141E-41 0.30M-02

90.00 1.5 E -41 3.lfM-01 0.230E+00 0.001E-91 1.14M*00 1.021E*01 3.750E41 0.75M+00 1.lf0E-t! 8.511E42
| 100.00 1.542E-Ol 3.430E-41 0.dedE+00 0.064E-41 1.22dE+00 1.072E+0! 4.21E41 f.fe!E+00 1.21dE-t! 8.df5E-02

110.00 1.5E-t! 4.0E-41 f.079E+00 0.IlfE41 1.201E+00 1.!!M+0! 4.470E41 1.!!!E+0! 1.23fE-01 0.05M42
120.00 1.5 E -01 4.447E41 f.425E+00 0.leM-41 1.333E+00 1.150E+0! 5.14M+0! 1.244E+0! 1.25fE41 f.001E-02,

| 1 3 .00 1.5E-41 4.MfE-41 f.730E40 0.20fE41 1.303E+00 1.lfM41 5.410E+0! 1.371E*01 1.277E-81 f.12fE42
l 140.00 1.5M-41 5.20fE41 f.ff7E+M 0.245E-41 1.43tE+00 1.225E 4 1 4.07?E+0! 1.500E+0! 1.273E-Gl f.242E-02

| 150.00 1.5E-41 5.54dE41 1.02E +0! 8.27M-Ol 1.470E*M l.254E+0! 4.551E*01 1.430E*01 1.307E-41 f.343E-42
| 140.00 1.5 E -41 5.05fE41 1.044E+0! 8.304E-Gi 1.523E+00 1.279E+0! 7.024E41 1.7dlE+0! 1.320F-41 f.433E-62

IM.00 1.5 M -01 4.150E41 1.0541 0.323E41 1.5dE +M 1.302E+0! 7.499E+0! 1.094Eill 1.331E-41 f.51M-42
100.08 1.5E41 d.41E-t! !.07E+81 0.34fE41 1.40fE40 1.32X+01 7.774E+0! 2.027E+01 1.341E-t! 9.505E-02

190.00 1.5E-01 d.dd4E41 1.072E+0! 8.3dM-41 1.451E*00 1.MIE*01 0.451E+0! 2.1 E 41 1.350E-81 f.440E-42 |

200.00 1.562E-41 d.091E41 1.195E41 0.303E41 1.dt!E+00 1.357E+0! 8.72fE+0! 2.2fE 01 1.350E41 f.705E-t!
210.00 4.444E-tf 7.IlfE-41 f.55M+00 1.377E41 1.4HE+00 1.!!0E+0! f.Il5E*01 2.37E*01 4.54M-92 4.dl5E42 ,

220.00 1.3ME-te 4.ff0E41 0.400E+00 1.20E41 1.24dE+00 9.77E+00 f.10fE+0! 2.43M+01 5.20?E-42 3.7 E -42 l

231.00 4.124E-24 4.IddE41 7.3fM+00 1.05N-el 1.1E40 0.444E*04 f.254E+0! 2.402E*01 4.491E-92 3.lME-92
240.00 1.22ff-31 4.dWE-Gl 4.507E+00 f.15M42 1.04dE+48 7.ed5E+00 f.310E+01 2.52E+0! 3.0ffE-42 2.7ddE-02

2$0.00 0.000E+M 4.375E-41 5.72M+00 7.971E-62 1.000E+00 4.010E+00 f.340E41 2.55fE+0! 3.420E42 2.427E-92

240.00 0.000E+08 4.040E-41 5.03X+00 d.73fE-42 9.400E-t! 4.ed3E+00 f.40N41 2.SflE41 3.lidE-42 2.141E-82
- 270.00 0.000E+00 5.720E-91 4.42dE40 4. HIE-42 f.225E41 5.40fE+00 f.440E41 2.620E+0! 2.d40E42 1.094E42
l 200.00 0.000E+00 5.3ddE-Gl 3.If2E+00 5.259E-02 0.90E41 4.035E*00 f.472E+01 2.d45E+0! 2.365E-42 1.400E-02

| 290.00 0.000E*00 5.000E-41 3.422E40 4.570E42 9.43E-ti 4.331E+00 9.500E41 2.ed7E+0! 2.100E-82 1.4flE-42
'

300.00 0.000E+M 4.452E-41 3.000E+00 3.90dE-42 0.40E-91 3.000E+00 9.525E*01 2.dedE+01 1.0ddE-42 1.325E-02
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DECLEAR IETALS INC 294(C-g3
/. ' IER M D N ESTIGATI W L M LS ME I

theillM 238 -

DES (IC llelllATilM INTARE 1.000E+00 og /9AY
; 100.IX CIAS$ D 1.0 MICIM MTICEATE FMCTim FRIM 81 TO SYSTRIC (Fl> 5.M8E-02

SYSTENIC ETMlm EmillM PAANTERS
'

.

13fnfftENT CE FFICI NT 10lLFLIFE(BAYS)

1 5.368E-41 2.500E-Ol
2 2.40E-Ol 4.000E+00

3 2.000E-Ol 2.000E+1!

4 1.040E43 1.500E+63

5 2.300E42 5.000E43
,

Fil4CTIIM EXCRETED IN WM(FU)= 1.000E+00 FMCTim IF MAKE DEPOSITED IN B00f= 0.430
FilYSICAL IIILF LIFE = 1.430E+12 WS TM MEML FOR INCRMNTAL WM $4 FLED 1.MIE+04 OAYS ,

ONINIC MAKE Perles 2.000E+82 MYS |

|
IhYS POIT 19694L Litfll Lits 81 SYSTRIC T5fAL ACClltAATED ACCIMAATED INCIBENTAL ]MSTEMOUS '

MARE INDEN M DEN INDIN IINIDEN IWDEN INDEN FECES WM WM IIIM |
'

as og og og at as og og og og /L

18.00 4.32E-03 3.40N42 2.187E-01 2.56X-01 1.dd8E+08 2.135E46 1.295E+M 2.f5dE*00 3.60E-l! 2.5ffE41
20.00 4.32EE43 3.487E-42 2.107E-41 2.563E41 2.5fM40 3.6dE+00 2.ddIE+00 4. tee *00 4.892E-61 2.734E41
N.00 4.32E-43 3.d47E-92 2.187E-t! 2.56M-91 3.lfdE+00 3.671E40 4.131E40 1.10fE+01 4.327E-Il 3.097E-41
40.00 4.32EE-03 3.687E-42 2.lB7E-61 2.563E-41 3.420E+00 4.le M+00 5.594E48 1.55DE+0! 4.45fE-41 3.100E-81 e

5 .00 4.32E-83 3.487E42 2.18E-01 2.563E-01 3.95fE40 4.434E+08 7.857E+48 2.064E+0! 4.541E-t! 3.246E-01
40.00 4.32E-43 3.407E-42 2.187E 41 2.563E-41 4.223E+00 4.490E+00 0.520E46 2.450E+01 4.595E-t! 3.204E41

i M.00 4.320E43 3.48M-42 2.187E41 2.543E-01 4.443F+M 4.flE*00 f.fB3E+00 2.f!PE+81 4.63M-t! 3.310E-01'

II.00 4.32OE-63 3.487E42 2.104-41 2.563E41 4.432E+88 5.197E+00 1.145E41 3.304E+0! 4.dd8E-41 3.32fE-Gl
M.00 4.32E-03 3.d4N42 2.lt?E-41 2.56X-01 4.790E+00 5.27M+00 1.291E+01 3.851E+0! 4.478E-01 3.M2E-t!

100.00 4.32EE-93 3.487E-42 2.187E-01 2.563E-t! 4.958E+00 5.425E*80 1.437E+0! 4.320E+01 4.691E-Il 3.351E-01
I

!!t.00 4.32OE-83 3.407E42 2.187E-41 2.563E41 5.lftt+04 5.565E+00 1.504E*01 4.790E+81 4.70!E-t! 3.358E-f!
120.00 4.32OE-43 3.487E-82 2.187E-ll 2.563E-t! 5.22M40 5.dfIE+08 1.730E+0! 5.240E41 4.797E-Il 3.362E-01 I

130.00 4.329E-93 3.407E-42 2.187E-41 2.54X-01 5.358E40 5.825E+88 1.07d Il 5.731E+0! 4.712E-81 3.364E-t!
140.04 4.32E-43 3.607E-42 2.18M-91 2.563E-t! 5.473E+M 5.940E+08 2.022E41 4.282E+0! 4.715E-Il 3.360E-Il
15.00 4.32OE-03 3.407E-42 2.187E-91 2.56M41 5.5fM+00 d.840E40 2.letE+11 4.674E+0! 4.71E41 3.370E-41
148.00 4.32E-43 3.407E-42 2.II7E41 2.56M41 5.711E48 4.18dE+00 2.315E+01 7.14dE+01 4.720E-fl 3.371E-t!
13.00 4.32E-43 3.407E-82 2.10N el 2.563E-41 5.82EE+00 d.30M40 2.441E*01 7.61E+01 4.721E-Il 3.372E-Il
100.00 4.32EE-43 3.407E-42 2.187E-t! 2.5dM41 5.944E+00 4.41tE+00 2.400E+01 8.0f0E41 4.722E-01 3.37M-Il :,

IM.00 4.32E43 3.487E42 2.18N-01 2.56M41 d.050E40 d.533E+00 2.754E*01 8.542E+0! 4.723E41 3.37M-11
200.00 4.32EE-03 3.487E-82 2.187E41 2.563E-41 d.172E+M 4.M7E+00 2.900E*01 f.035E 01 4.723E-41 3.374E-tI
210.00 0.000E+00 5.112E47 4.832E47 1.MIE-05 4.42dE+M 4.62dE40 2.92dE+81 f.211E+0! 1.120E-41 7.754E42
225.00 0.000E+00 9.421-13 1.lldE-12 0.35ff-14 3.00dE+44 3.OldE48 2.724E+41 f.2fM+0! d.324E-82 4.404E-42
23.08 0.000E+M !.332E-10 1.4IfE-18 3.795E-14 3.31dE40 3.31dE+00 2.72dE+0! 9.M2E*01 3.775E-82 2.790E42;

Hl.00 8.000E40 1.404E-N 1.833E-N 1.723E-10 2.ffdE40 2.ffdE+00 2.92dE+0! 9.374E+01 2.ddlE-42 1.065E-42
250.00 0.000E+00 2.001E-30 2.14X-30 7.822E-23 2.77E40 2.778E+00 2.92dE+0! 9.3fdE41 1.M2E-92 1.292E-42
240.00 0.000E+M 8.000E40 0.000E46 3.551E-27 2.425E+00 2.425E+M 2.92dE+0! f.411E+01 1.277E42 f.ll2E-034

275.00 0.000E+00 0.000E40 0.000E+00 1.412E-31 2.51M40 2.51N+00 2.92dE+0! f.422E*Il f.210E-43 d.474E-83
200.00 0.000E+00 0.000E+00 0.000E+08 7.95fE-3( 2.440E+00 2.440E+98 2.92dE+0! f.430E*01 6.40M-43 4.63ff-83
290.00 0.000E+00 0.000E+08 0.000E46 0.000E*M 2.305E le 2.385E+00 2.92dE*Il f.43dE*01 4.744E-83 3.ME-83
300.00 0.000E+00 0.tHE+08 8.000E+08 0.000E46 2.M5E40 2.MSE+00 2.92dE+0! f.440E41 3.46M-83 2.430E-83
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ELIAR IETALS INC 29-OEC-43

DERIVB MESilMTim LEYELS PAGE I~

.

WNilM 238 -

OWHIC llettLATIM INTAKE 1.000E*00 og /MY

56.8% CLASS 9 1.4 MICRW PARTICIAATE FMCTim FRm 51 TO SYSTmic (FD= 5.000E-12
44.8% CLASS Y 1.0 MICRW PARTICIAATE FMCTIE FRm $1 TO SYSTmlC (FD= 2,088E-93

.

SYSTRIC ETETim EIlmilm PnANTERS .

C99 ART!ENT CIEFFICIENT IItLFLIFE(MYS)

1 5.348E-ti 2.500E-41

2 2.400E-t! 4.000E+00

3 2.000E-91 2.000E+81
'

4 1.840E-03 1.500E+03

5 2.300E-82 5.000E+03

i FMCTIM EXCRETED IN IRM(Fil)= 1.000E+88 FMCTIM OF INTAKE D&OSITED IN IODY= 0.630

Piff510tL IItLF LIFE = 1.450E+12 DAYS TM INTERVAL FOR MIEPENTAL IRM SNLik 1.000E+04 MYS ,

OmmlC INTAKE PER13= 2.000E+82 MYS

CYSPOST IIISAL L1tril LIMS tl SYSTEMIC TUTAL ACCIMA.ATED ACCIMAATD INCISENTAL MSTEMDUS i

WTAKE REDEN INDEN RADEN RADEN REDIN REDIN FECES WM WM WM |
1

as og at og og as og og og ag /L

18.M 7.7BdE-92 2.133E-92 8.454E41 5.lt0E-t! 9.3 DIE 41 2.312E+M 2.241E48 1.edfE46 2.134E-01 1.447E-Il
,

21.00 7.78dE-42 2.471E-42 1.515E+04 5.!!5E-t! 1.444E 40 3.491E*l0 5.15fE+M 3.873E+00 2.318E-41 1.657E-t! !

3 .00 7.7tdE-42 3.02ff-42 2.15fE+08 5.125E-Il 1.II5E+00 4.47dE+00 0.083E46 4.24X48 2.444E-01 1.74fE41
'

41.88 7.7BdE-62 3.001E-42 2.775E+00 5.135E41 2.HfE+00 5.35IE+04 1.101E+01 B.751E+00 2.51tE-41 1.881E-Il
N.04 7.70dE-82 4.785E42 3.425E+M 5.145E41 2.23dE+08 d.17dE*M 1.395E+0! 1.130E+1! 2.5ddE-Il 1.834E41

40.88 7.7BdE42 5.975E-42 4.HfE+00 5.155E-01 2.30dE+00 d.951E*00 1.409E41 1.3OSE+01 2.5fM-91 1.85dE-Il
71.80 7.7tdE42 7.348E42 4.dedE+00 5.li3E-91 2.511E+48 7.df4E40 1.fl4E41 1.MfE+0! 2.419E-41 1.872E-Il

08.00 7.7tdE-62 8.75fE42 5.27?E+00 5.174E-t! 2.dttE48 8.41M48 2.279E+01 1.fl2E+01 2.435E-Ol I. IBM-41
M.00 7.78dE-62 1.074E-01 5.II2E+04 5.194E-01 2.713E+98 f.!!M+00 2.575E+0! 2.17dE+01 2.d4dE-Il 1.If0E41

j 100.88 7.78dE-92 1.272E-91 4.400E+00 5.lfM-41 2.7tfE+88 f.79fE 48 2.871E+0! 2.441E+0! 2.654E-41 1.IfdE-81 <

118.80 7.7tdE-62 1.408E-Gl 7.073E*t0 5.282E41 2.879E+08 1.H7E+01 3.id8E+01 2.78M*Il 2.ed4E-fl 1.980E-91 |
120.00 7.78dE-42 1.723E41 7.45fE+08 5.212E41 2.955E+08 1.!!4E+01 3.465E*01 2.973E41 2.dd5E-t! 1.M4E-41

12.00 7.78dE-92 1.775E-t! 8.23fE+00 5.220E-01 3.020E+08 1.179E+01 3.743E41 3.NGE*01 2.ddIE-Il 1.MdE-41

140.80 7.78dE-92 2.NSE-Ol O.814E+00 5.22fE-41 3.89E+00 1.2E+0! 4.842E+Il 3.517E+Il 2.471E-41 1.MOE-Il
150.00 7.78dE-42 2.532E-01 f.382E+00 5.23IE-Gl 3.14M+00 1.N M+01 4.341E*01 3.774E+11 2.473E-Il 1.fitE-t!
140.00 7.7tdE-42 2.835E41 f.N5E+00 5.N7E41 3.2ME+04 1.378E+Il 4.dd8E41 4.H2E+0! 2.675E-41 1.f!!E41
171.88 7.7tdE-42 3.155E-41 1.tNE+0! 5.255E41 3.NIE+00 1.43M+0! 4.fd4E+0! 4.NfE41 2.477E-t! 1.912E-41

181.80 7.78dE-02 3.491E-t! 1.ltSE+0! 5.2ME-41 3.347t+48 1.475E+01 5.2 DIE 41 4.57?E+0! 2.47IE41 1.91M-01

IM.00 7.7tdE42 3.M3E-41 1.leIE+0! 5.272E-41 3.43M+00 1.55dE+0! 5.5dlE+01 4.MSE*01 2.67tE41 1.914E-01

200.00 7.7tdE-42 4.210E-41 1.214E+01 5.2OIE41 3.4 FEE 40 1.dlM41 5.963E41 5.!!3E+01 2.400E-41 1.915E-Il
210.M 2.NM49 4.37?E41 1.ltlE+01 1.002E42 2.427E+48 1.44dE+01 5.948E+0! 5.214E+0! d.475E-42 4.482E-42

221.88 4.df0E-17 4.742E-t! 1.idfE 4 1 1.tl4E-42 2.id5E+09 1.157E+0! 5.951E41 5.242E41 3.723E42 2.595E-42

22.00 1.ffdE-N 5.897E-91 1.15M41 1.79fE42 1.IIIE+00 1.MIE*ll 5.fdlE*01 5.2flE+0! 2.3ffE-42 1.400E42

240.00 5.94fE-32 5.445E41 1.145E+0! 1.744E-42 1.700E+00 1.31E+01 5.971E41 5.311E+0! 1.45IE-42 1.id4E-92

: 250.00 0.000E+M 5.7BdE-01 1.! ME+0! 1.740E-02 1.58dE+00 1.2ME+0! 5.ftlE41 5.325E41 1.lfdE-42 0.414E-43

240.00 0.000E+00 d.119E-91 1.122E+01 1.71dE-42 1.500E+00 1.!?4E+01 5.fflE+0! 5.335E41 0.tf4E43 4.2dM-43
271.00 0.000E+M d.445E-81 1.!!!E*01 1.df2E-42 1.440E 46 1.25M+0! 4.001E+0! 5.M2E41 d.704E-43 4.704E-03 |

| 200.00 0.000E+00 d.744E-t! 1.100E*Il 1.ddfE42 1.397E+00 1.NIE41 4.811E+01 5.MIE*Il 5.312E-43 3.751E-83
'

290.00 0.000E+00 7.877E-01 1.ttfE+0! 1.44dE-42 1.3ddE+00 1.227E+01 4.820E*01 5.353E+01 4.2?IE43 3.025E-03

300.00 0.000E+04 7.302E-01 1.079E+01 1.423E42 1.344E40 1.214E41 4.02fE41 5.357E+01 3.HfE-43 2.514E-83

|
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IGELIAR IETALS INC 294EC-43~

SERIVED DIESTIMTilM LEVELS MGE I

meillM 238 -

ACUTE IleWAfilBI MAKE 1.000E*04og
IM.Et CIAS$ Y 1.0 N1 Cam mfilCEATE FMCTim Ftm El TO SYSTRIC (Fl> 2.MGE-83

.

SYSTINIC ETINTilh ERATim PnWWETERS
'

.

CRfARTIENT CEFFICIENT IItLFLIFE(MYS)

1 5.360E-41 2.500E-41
2 2.400E-fl 4.00M+00
3 2.000E-01 2.000E+0!

[4 1.040E-03 1.500E+03 '

5 2.300E-92 5.000E+03
t

FlthCTIIBI EXCRETED R W M (FV M 1.000E+00 FMCTim 0F INTAKE DEPOSITED IN 900Y= 1.431
FIlYS10tL IItLF LIFE = 1.450E+12 MYS TM MTENil FW INCRBENIAL WM WIfLED 1.000E40 MYS

MYS POST lens 4L L11ril LifG 61 SYSTINIC TOTAL ACCINEATED ' ACCINEATED INCRBENTAL INSTMTMOUS
MAKE REDIN RAIEN INDIN INDEN BRDEN REDDI FECES WM WM WM

as og og at og og , og as og og /L

1.00 5.250E-92 5.lf3E-95 2.141E-fl 3.It1E-01 2.17dE-03 5.24M-t! 5.esfE-12 2.201E-43 2.201E-43 5.BIE-44
2.08 f.281E-03 1.03IE-44 1.t!IE-t! 2.271641 1.947E-93 4.ltlE-t! 2.874-41 2.73ff-43 4.5??E44 1.if2E-M
3.N 1. HIE-43 1.555E44 1.452E-91 1.225E41 1.021E-43 2.095E-41 3.35fE-41 2.NM43 2.04tE-44 1.10IE-44 3

4.00 2.900E-84 2.171E44 1.572E-41 5.9E42 1.712E-93 2.10dE-01 4.IISE-Il 3.892E-43 1.4flE-44 f.721E-85
5.00 5.127E-95 2.50dE44 1.532E-01 2.01N-42 1.411E-43 1.82fE-91 4.43E-41 3.220E43 1.27E44 8.SflE-45
4.00 f.044E44 3.10E44 1.511E-01 1.33BE-42 1.519E43 1.45fE-41 4.40E-fl 3.3ME-43 1.144E-44 7.704E-85
7.II 1.402E44 3.414E44 1.4ffE-41 4.382E43 1.435E43 1.577E-01 4.40IE-41 3.43OE43 1.043E-44 7.13fE-45
0.00 2.832E47 4.12dE44 1.4fM-41 3.15fE43 1.35IE-03 1.53IE-fl 4.727E-01 3.534E-03 f.40!E-05 4.590E-85
f.00 5.087E48 4.437E44 1.4IfE-t! 1. HIE 43 1.28?E-03 1.518E-41 4.74dE41 3.423E-03 8.004E-05 4.!!2E-45

11.00 8.851E-et 5.14N-44 1.464E41 f.10dE44 1.223E-03 1.500E-fl 4.755E-91 3.70dE43 8.255E-05 5.dtfE-85
11.00 1.545E-af 5.45dE44 1.404E41 5.70dE44 1.143E-03 1.50!E-41 4.741E-01 3.78X-03 7.efdE-15 5.312E-45
12.00 2.7ddE-!O 4.!ME-44 1.482E-Il 4.I!5E-44 1.llfE-03 1.477E-tl 4.7HE-t! 3.I55E-03 7.lfE45 4.774E-85

i 13.00 4.990E-Il d.470E-04 1.400E41 3.10dE44 1.040E43 1.494E-01 4.747E-41 3.922E43 d.74BE-45 4.471E45
14.88 I.H4E-12 7.17dE44 1.47?E-01 2.777E44 1.Il4E-t3 1.492E-t! 4.7 DIE-t! 3.90dE-43 d.344E-45 4.397E-t$ !
15.00 1.52OE-12 7.401E-44 1.477E-Il 2.574E44 f.71K44 1.4fE-41 4.779E-81 4.045E43 5.900E45 4.150E-85 |'

14.00 2.711E-13 8.lt5E44 1.47dE41 2.471E-04 f.330E44 1.487E41 4.771E-Il 4.102E-03 5.451E-45 3.f27E-95 |j 17.08 4.775E-14 8.40E44 1.474E-t! 2.41fE44 0.972E44 1.40E-01 4.77M-41 4.15dE-03 5.354E-45 3.725E-45 |i 10.00 8.441E-15 f.lftE44 1.47M-t! 2.3flE44 8.H1E44 1.404E41 4.774E41 4.25dE-93 5.004E-05 3.542E-t$ jl 19.00 1.492E-15 f.et!E44 1.471E-t! 2.37E44 8.3ME-94 1.482E-t! 4.77dE-41 4.255E43 4.048E-05 3.37E-85
| 21.00 2.43IE-Id 1.ttfE-43 1.479E-01 2.3ddE44 I.85BE44 1.400E-fl 4.77N-t! 4.381E-03 4.difE-45 3.225E-85
i

21.00 4.4E-17 1.BefE-93 1.440E-41 2.340E44 7.78dE44 1.47E-41 4.77E-61 4.M5E43 4.418E45 3.000E45
22.00 0.243E-18 1.119E-93 1.447E-el 2.355E44 7.540E44 1.47dE-41 4.7BIE41 4.387E-03 4.235E-45 2.f E -05
23.00 1.457E-It 1.!dE43 1.445E-41 2.351E44 7.311E44 1.475E-41 4.781E-41 4.42EE43 4.040E 45 2.850E45
N.00 2.57dE-19 1.21E43 1.44M-t! 2.MN44 7.097E-44 1.47M41 4.782E-ti 4.447E-03 3.ftdE45 2.74dE-45
25.00 4.554E-20 1.247E-93 1.4E41 2.344E44 4.8tN-94 1.471E-41 4.704E41 4.505E-93 3.777E45 2.451E45
24.00 0.850E-21 1.317E-03 1.440E-t! 2.Mlf-04 d.710E44 1.47tE-Gl 4.7tE-41 4.542E43 3.450E-45 2.5E-85
27.00 1.42M-21 1.3ddE43 1.45ff-01 2.337E-04 d.535E44 1.4 DIE-01 4.78dE-41 4.577E-03 3.534E45 2.485E45
20.00 2.51dE-22 1.41M-03 1.457E-01 2.3HE44 4.371E44 1.44dE-fl 4.7sE-41 4.dllE-43 3.42N45 2.412E45
29.00 4.44N-23 1.4HE43 1.45dE-81 2.331E44 d.2!dE44 1.4HE-ti 4.79fE41 4.444E-03 3.32ft-45 2.3G-45
30.00 7.0E-24 1.51M43 1.454E-t! 2.320E-04 4.070E-44 1.443E-Gl 4.790E41 4.477E-43 3.23fE-05 2.283E-85

| |

| |
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IRELEAR ETES M 294EC43.

IBlVD 3845TIMTim LEVELS ME I 1
-

1

!M WIM 230 -

ACVTE Det4LAT191 INTARE 1.000E+00og i

100.R CLAIS U l.0 NICISI METICIAATE FMCTISI Fret 81 TO SYST9 tlc (FI)= 1000E-42
.

3rST9t!C ET9619 EW4 Tim MDOETERS
.

CBfAfD96 CEFFIC19ff IItLFLIFE(84YS)

1 5.340E-41 2.500E41
2 2.400E-41 d.000E+00

3 2.000E-01 2.000E+0!
'

4 1.040E43 1.500E+03

5 2.30K42 5.000E+03 |

| FMCTiet EXCRETED DI WM(FU)= 1.000E+00 FMCTISt W MARE DEPOSITED IN IQOY= 0.430
i FNfllCAL IItLF LIFE = 1.430E*12 RAYS TM DITHWL FW INCR996E WM 909 LED 1.000E+04 04YS

'

04YSPOST letGE L11911 LSE $1 ST5 TINIC TOTE ACCSSRATS ACCINEATD DER 996E INSTANTMOUS
; DITARE ENWEN RADIN RAllN RADIN EMBEN RADIN FECES WDE WM WM

as og og og as og og og at og /L.

,
.

,

1.00 4.771-02 1.7tfE44 2.ll5E-Ol 2.472E-t! 4.120E42 4.99fE41 3.f?4E-02 4.25-42 4.25 42 1.141E-82 l

2.H 0.437E-03 3.371E44 1.779E-91 1.08N-01 3.730E-02 4.83fE-41 1.45IE-t! 5.lf0E-02 f.255E-43 3.933E-43
3.II 1.492E43 4.987E44 1.404E-Il 1.052E41 3.5HE42 3.00dE-t! 2.71E41 5.415E-42 4.250E43 2.4ddE-43
4.00 2.437E44 4.550E44 1.500E-01 5.32dE-02 3.307E 42 2.371E-41 3.3ME-41 5.724E-42 3.083E-43 2.It5E-43
5.00 4.ddlE-45 8.ONE44 1.450E-41 2.4dlE42 3.125E-42 2.02fE-t! 3.452E-41 d.10dE-42 2.42fE-03 1.7dfE-43 .

4.00 0.2#E44 f.547E44 1.41E-01 1.37dE42 2.957E-02 1.04dE-41 3.IllE-01 4.422E-42 2.350E-43 1.d87E-83 !
i 7.01 1.457E-44 1.181E-03 1.30dE-41 7.edIE43 2.002E-82 1.74E-01 3.094E41 d.43IE42 2.150E-43 1.400E-43
i I.00 2.575E47 1.NIE-43 1.3E-41 4.7dN-93 2.detE42 1.477E-91 3.73fE-01 4.830E-02 1.ff5E-03 1.373E43

f.00 4.552E-08 1.377E43 1.344E41 3.3dfE-43 2.530E42 1.430E-t! 3.fd7E-41 7.82E-42 1.85dE-43 1.200E-43
10.00 0.HN49 1.50ff-03 1.32dE-41 2.481E43 2.411E-42 1.5HE-t! 3.907E-61 7.lf7E-42 1.7ME43 1.lftE-83
11.00 1.422E-et 1.437E-83 1.308E-01 2.333E-83 2.302E-02 1.5E-81 4.002E41 7.35fE42 1.42dE-C1 1.125E-93
12.04 2.515-10 1.7dlE-43 1.291E-41 2.140E43 2.202E-62 1.533E-91 4.IldE-01 7.512E42 1.52fE-43 1.840E-03,

i 13.00 4.445E-11 1.00!E43 1.275E-Ol 2.044E43 2.!!OE-92 1.50E-01 4.020E-el 7.d5dE-42 1.442E-83 1.00!E43
14.00 7.85EE-12 1.99E-43 1.25fE-01 1.f?ff-03 2.825-42 1.#1E-01 4.H0E-01 7.772E42 1.341-03 f.470E44
15.00 1.30fE-12 2.lllE-43 1.N3E-01 1.73E-43 1.94N-02 1.45N-91 4.851E-61 7.722E-42 1.2flE43 8.904E44

| 14.00 2.45dE-13 2.221E-43 1.22N-91 1.890E-03 1.87E-02 1.434E-Ol 4.0 E -41 8.044E-42 1.224E-03 8.542E-M '

!?.00 4.MIE-14 2.327E-03 1.212E41 1.IdN-63 1.000E42 1.4tlE-01 4.873E-ti I.!d!E42 1.idN-43 0.13fE44 ;

18.00 7.674E-15 2.42E43 1.lfdE-61 1.83fE-03 1.74N-02 1.3OfE41 4.004E-t! 8.272E-92 1.11E-43 7.772E44 '

19.00 1.EN-15 2.530E-43 1.181E-01 1.813E-03 1.dtfE42 1.3 DIE-01 4.094E-41 0.37FE42 1.044E-03 7.43dE44 |
| 21.H 2.3fE-Id 2.42N43 1.!ddE-91 1.757E-03 1.43dE42 1.NE-Ol 4.194E-Ol 8.#1E-42 1.019E-03 7.120E-M |

21.00 4.23fE-17 2.720E-83 1.15tE41 1.742E-93 1.50dE42 1.32K41 4.11E-41 8.57E-82 f.779E44 4.MdE-04 '

| 22.00 7.4NE-18 2.81E-03 1.137E-01 1.73IE-43 1.540E42 1.30E-41 4.12 5 -01 8.472E-62 9.400E-44 4.50dE-M'

23.00 1.32E-18 2.077E-43 1.122E-el 1.714E-93 1.4fdE42 1.20fE-01 4.135E-41 8.7 E -42 f 051E44 4.MN44
N.00 2.M2E-!? 2.ft2E43 1.100E41 1.df0E-03 1.45dE-42 1.271E-Ol 4.144E-01 0.850E42 0.730E44 4.127E-M
5 .00 4.l#E-20 3.0M-83 1.894E41 1.ddN-63 1.418E42 1.253E41 4.154E41 8.fME42 0.433E44 5.72E44,

l

24.00 7.31E-21 3.1M43 1.000E41 1.444E-03 1.3 TIE-42 1.23E-41 4.! E -41 f.81dE-42 8.150E-04 5.734E-M
27.00 1.294E-21 3.210E-43 1.067E-Gl 1.421E43 1.NE-42 1.218E-41 4.l?3E-91 f.095E-82 7.99E44 5.550E44
20.00 2.2BN-22 3.2flE43 1.05E41 1.5ffE-03 1.31dE42 1.2OIE41 4.II2E-41 f.172E-42 7.dedE44 5.395E-M
29.00 4.NE-23 3.3E43 1.040E-91 1.57N43 1.20dE-42 1.lME-41 4.lf!E-Ol f.24dE-02 7.45 44 5.242E44
31.H 7.14N-N 3.430E43 1.02N-t! 1.55E43 1.25E42 1.idE-Ol 4.200E-91 f.319E-42 7.23fE44 5.100E-M
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MLIAR ETALS K 19-0EC-83
- *

IERNED ME3TIMTim LIMEL5 NEE I

Wet!W 238 **
,

AcilTE Ilp44LATIM |NTME 1.000E*N ag
100.IK CLA$$ D 1.0 NICRM PARTICIRATE FMCTim FIOt el TO SYSTRIC (FI)= 5.000E-02

.

Ir5TSIC ETMlm EMTim FleMTERS
'

'

(MARTIENT CEFFICllNT IItLFLIFE(14YS)

1 5.340E-41 2.500E-Ol
2 2.400E-41 4.000E+44

3 2.000E-t! 2.M0E+0!
4 1.040E43 1.500E+03

5 2.300E42 5.000E+03

FMCTim EXCRETED M WM(FU)= 1.000E*00 FMCTim W INTME DEPOSITED M IODY= 0.430 |

PWSICAL linLF LIFE = 1.450E*12 DAYS TM MTEML FOR INCIBENTE WM SNLED 1.000E+H IAYS

IhYS POST 10t$AL LWtl LIIG el SYSTWIC TUTAL ACCIMAATED ACCIMAATED MRENNTAL INETMTMOUS
MANE M DEN IWDEN M DEN RNEN M DEN MNN FECES WM WM MM

as og as og og og og og og og /L

1.00 2.367E-31 1.73M-62 7.995-42 1.051E-01 2.09M -01 3.944E-41 4.10dE-42 1.f4dE-01 1.94dE-Il 7.415E42,

2.00 0.000E+00 0.4HE43 2.42fE-02 4.772E-82 1.90IE-41 2.710E41 f.83IE42 2.407E-el 4.40fE-42 2.724E-82
3.00 0.000E+00 3.N9E-03 7.155E-43 1.MfE42 1.06dE-01 2.12OE41 1.272E-41 2.900E-el 2.72ff-42 1.51X-42
4.00 0.000E+00 1.081-03 2.040E43 7.254E-03 1.745E-41 1.830E41 1.390E-41 3.071E-41 1.719E42 1.02X42
5.N O.000E+00 3.3HE44 5.82dE44 2.705E43 1.432E41 1.445E-Il 1.43dE-t! 3.lffE-41 1.275E42 8.237E-43
4.00 1.000E+00 1.tl5E44 1.62dE44 1.001E-43 1.52fE-01 1.541E41 1.453E-41 3.30dE-41 1.I?4E42 7.!?tE-83 !

7.00 0.000E+00 2.941E-45 4.48M-05 3.of1E44 1.435E-41 1.43fE-41 1.45fE-fl 3.402E-fl f.530E43 4.447E43
0.00 0.000E+00 8.441E44 1.22OE-45 1.35fE44 1.MTE-fl 1.350E-41 1.4E41 3.401E-fl I.632E43' 5.II!E43 .

'

f.00 0.000E+00 2.300E44 3.333E44 5.00M-95 1.!?IE-41 1.271E-41 1.442E-01 3.56M-61 7.06fE43 5.371E-43
10.00 1.000E+48 4.41E-47 8.ff5E-47 1.MIE 45 1.19E-41 1.lffE-41 1.443E-41 3.639E-el 7.195E-43 4.f!N-03 i

11.00 0.000E+00 1.01K47 2.414E-07 4.77M44 1.13M-01 1.13M-01 1.46X-01 3.70M-41 4.5fM-43 4.507E-43
12.08 1.000E+00 4.750E46 4.440E48 2.492E44 1.I?2E-41 1.072E-fl 1.443E-01 3.7 E -41 6.051E-43 4.1E-03 !,

'13.00 0.00E+00 1.MM-40 1.715E-88 f.ldN-07 1. tide-tl 1.81E41 1.44M-41 3.821E41 5.56X-93 3.IllE-43
i

14.00 1.000E+00 3.41M49 4.54dE-tf 3.372E47 f.451E-42 9.451E-42 1.443E41 3.872E-41 5.122E-43 3.511E43

15.00 0.000E+M f.48M .18 1.201E49 1.NIE47 f.17E42 f.17EE-42 1.4E-81 3.fiff-el 4.72X43 3.241E-43
14.08 0.000E+M 2.582E-10 3.lHE-It 4.564E44 I.7E-42 8.742E-42 1.4E-01 3.96M-41 4.3dM-43 2.ffdE-83
17.00 0.000E+00 d.85fE-11' O.314E-Il 1.479E-48 I.33E-42 8.33IE-62 1.44M-t! 4.HX41 4.837E-43 2.774E-03 I

10.00 1.000E+M !. tide-Il 2.17?E-!! 4.17dE49 7.fME-02 7.fME-42 1.4 E -01 4.041E-t! 3.741E43 2.571-03
19.00 1.00E+M 4.7tlE-12 5.7tlE-12 2.!?2E-ef 7.417E-42 7.41N42 1.4 E -41 4.075E-t! 3.472E-43 2.390E-13
20.00 0.000E+00 1.24tE-12 1.400E-12 0.35ff-18 7.2ME-42 7.294E-62 1.44X-01 4.10E 41 3.220E43 2.224E43
21.00 0.000E+00 3.310E-13 3.879E-13 3.075E-18 4.fME42 6.ff4E42 1.4E41 4.13IE-01 3.NdE-03 2.01X-03
22.00 1.000E+49 8.44E-14 1.00fE-13 1.131E-10 d.71X-42 4.71M-82 1.4E-41 4.14dE-t! 2.004E43 1.935E-03
23.00 1.000E+40 2.2ddE-14 2.421E-14 4.142E-Il 4.451E-02 4.451E42 1.463E-41 4.192E-Ol 2.420E-03 1.IlfE43
N.00 0.000E+00 5.flE-15 4.7FIE-15 1.531E-Il 4.20dE-42 4.20E42 1.4E-41 4.21dE-41 2.451E43 1.494E-83

'

25.00 0.000E+M 1.53fE-15 1.7 ele-15 5.432E-12 5.f?dE42 5.77dE-02 1.4 E -01 4.23fE-01 2.297E-03 1.50fE-03
24.00 0.000E+00 4.MM-!d 4.557E-Id 2.972E-12 5.7dlE42 5.7dit 42 1.443E-41 4.2dlE-01 2.15dE43 1.4fM-03

,

27.00 0.000E*M 1.03fE-14 1.17E-14 7.422E-13 5.5NE-42 5.550E-42 1.44X-01 4.201E41 2.82N-63 1.404E-43 |

20.00 0.000E+00 2.efM-17 3.040E-17 2.II4E-13 5.36N-42 5.347E-02 1.4 E -41 4.300E-fl 1.900E-03 1.321-03
27.00 0.000E*t0 4.f74E-18 7. HIE-10 1.832E-13 5.18M-92 5.187E-42 1.4E-81 4.31E-91 1.7FfE43 1.248E-93
30.00 0.000E+00 1.IO4E-18 2.120E-18 3.7?M-14 5.01E-42 5.IIIE42 1.443E-01 4.335E-fl 1.df0E-03 1.17?E-03

:

,
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NUCLEAR PETALS DC 27-tEC-43
IERIVEB D0/ESTIMTim LINELS M0E 1; . -

| WNilm 230 !
-

ACUTE DettLATim MAKE I.000E+00mg .

!$.R QAS$ 0 1.0 MICOM MTICEATE FMCTim F0m 01 TO 5YSTIMIC (Fl> 5.00E-02
.

!

40.0K CIAS$ Y 1.0 MICER MTICEATE FMCTitt F0m 01 TO SYSTE!C (Fl> 2 000E-43

ST5TRIC ET8fT!91 Elmil9t PlW8ETERI .

. .

j CRWlfDeff (M8FIC19ff IIILFLIFE(MYS)

1 5.340E-41 2.500E41
| 2 2.400E-41 d.000E+00

| 3 2.000E41 2.000E+0!
4 1.040E-43 1.500E+03

5 2.30E42 5.00E+03

i FMCT191 DtIETED DI WDE(FU)= 1.00E+00 FMCTim IF DifAKE BEPOSITED IN 00DY= 0.430
PIfr$1 CAL 10tLF LIFE = 1.450E+12 MYS TM BffENil FOR DC099ffAL WM IMPLEM 1.MOE+H MYS

CTS POST 1010AL L11991 LBIO 01 STTTWIC TOTAL ACCIMAATED ACCIMAATED DEIBeffAL DIETMMous.

i DffARE B5991 R N Bl RN94 m R294 EmblN FECES WM WM WDE
'

og og og og og og og og og og A

i . 1.00 2.210E42 f.72M43 1.390E-01 1.944E41 1.101E41 4.51E-61 4.53fE-42 1.100E-t! 1.100E41 4.17E42
2.00 4.0HE43 4.0f0E43 f.32dE-42 1.240E-41 1.122E41 3.322E41 1.444E-41 1.472E-81 3.721E-42 1.e4E42
3.00 7.219E44 1.00E43 7. deft-42 d.440E-92 1.05M-t! 2.4ddE41 2.lf0E41 1.637E-Gl I.Mff-02 0.520E43
4.00 1.27dE-04 4.77dE44 7.03M42 3.032E42 f.MM-42 1.ff!E41 2.574E-41 1.7ME-Gl f.4fM43 5.7 eft-43

'

i 5.00 2.25dE-05 3.93M44 4.772E42 1.3flE42 f.212E42 1.73M-01 2.757E-41 1.00E41 7.lfM43 4.41E-03
4.04 3.900E44 1.73M44 4.454E42 4.410E43 0.430E-42 1.5PM41 2.MIE41 1.044E-41 4.045E 43 4.0d!E43

-

| 7.00 7.050E-47 1.75E44 4.5fft-42 3.015-43 0.0fE-42 1.500E-41 2.000E41 1.f2E-t! 5.307E-03 3.453E43
j 8.08 1.24E47 1,06M44 4.56fE42 1.4ddE43 7.41M-02 1.433E41 2.090E41 1.fefE-Gl 4.07E-43 3.327E-03
i f.00 2.3M-te 2.053E44 4.551E42 7.502E44 7.l?tE-42 1.30E-41 2.90M-41 2.IIM-01 4.44E43 3.02E-43
! 10.00 3.095E-tf 2.2M44 4.53fE-42 4.1544 4.7E-42 1.3ME-41 2.flM-01 2.054E-a! 4.044E-03 2.770E43
I 11.00 4.005E-10 2.40fE44 4.52fE-42 2.540E44 4.3fM-42 1.295E-fl 2.fl4E41 2.sflE-t! 3.72dE43 2.540E-43

| 12.00 1.21M-10 2.712E44 d.521E42 1.700E44 4.052E-42 1.25ff-t! 2.91a2-01 2.125-41 3.420E-43 2.MIE-03
'

13.00 2.151E-!! 2.735E44 4.514E42 1.40M44 5.73E-42 1.22M 41 2.flM-41 2.157E41 3.1M-43 2.lME-43
14.00 3.00M-12 3.150E44 4.50M-42 1.2NE44 5.44fE42 1.!!M-41 2.flM41 2.10E-41 2.0fdE-93 1.90E-03

! 15.00 d.72M-13 3.300E44 4.500E-02 1.13M44 5.10M-02 1.14ff-41 2.71E-41 2.21M41 2.471E43 1.033E-43
j 14.00 1.10fE-13 3.401E44 4.4fM-02 1.00K44 4.73M-02 1.144E-41 2. fife-41 2.237E-41 2.46E43 1.495E-43
! 17.00 2.!Ilf-14 3.02M44 4.40dE-42 1.044E44 4.70ft-42 1.121E-fl 2. fife 41 2.240E-01 2.204E-43 1.570E-43

! 10.00 3.714E-15 4.H4E44 6.400E-02 1.0$N44 4.49E-42 1.0ffE-01 2.73E-Gl 2.20lE41 2.!!?E-03 1.4'.dE-43
| 19.00 d.56dE-Id 4.2ME44 4.47M-42 1.0544 4.32E42 1.079E-91 2.921E-41 2.30lE41 1.fddE-03 1.BM-43

N.00 1.141E-Id 4.404E44 d.444E-42 1.MIE44 4.18E42 1.040E41 2.921E-41 2.3tft-41 1.02K-03 1.2ME-43
! B.00 2.05M-17 4.70M44 4.45fE 42 1.03E44 3.751E-42 1.HM-41 2.922E-41 2.33E-ti 1.70M-43 1.l?4E 43'

22.00 3.42M-10 4.f2M44 4.453E-02 1.03dE44 3.7tM-02 1.02dE-41 2.922E-Gl 2.152E-01 1.W9E-43 1.0fM-83
| 23.00 d.412E-If 5.141E-04 4.44E42 1.0M44 3.65-02 1.010E-fl 2.923E-41 2.36M-01 1.40E-03 1.02E-43
i N.00 1.lM-if 5.10ff-44 4.43FE 42 1.03M44 3.507E-42 f.95E-02 2.fME41 2.30lf-01 I.390E-03 f.defE-M
| 25.00 2.0HE-20 5.57M44 4.43M42 1.03tE44 3.37M42 f.020E-02 2.fME41 2.394E41 1.30M-43 f. ele 44
. 26.00 3.MM-21 5.794E44 4.42E-42 1.030E44 3.25dE-42 f.ef2E-42 2.925E-01 2.40E-41 1.2ME43 0.472E-M'

27.00 4.22-22 4.0llE44 4.41fE42 1.02E44 3.14tE42 f.571E42 2.925E-41 2.415-01 1.151E-03 7.f7M44
i M.00 1.107E-22 4.22M44 4.41M42 1.02M44 3.0ME42 f.45M 42 2.92E41 2.4NE-41 1.0ME-03 7.514E-N

29.00 1.957E-23 4.44M44 4.40E 42 1.02E44 2.732E-02 f.MfE-02 2.72dE-91 2.43fE-tI 1.022E-03 7.0flE44
| N.00 3.45ff-N 4.d5fE44 4.3ffE42 1.0NE44 2.037E-02 f.NE-42 2.727E41 2.440E-01 f.450E-44 4.701E-M

_
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ELIAR PETRI 3C If-0EC 4
IERIVED NESTIMTim LEYELS MIE I*

I TIntm 2M -

! O m ilC 30t u T191 M ARE 3.000E-41sti/MY
100.R tuits Y 1.0'Mitam MTICIRATE FMCTim F02 el TO SYSTmlC (FI)= 2.000E-M

~

'

\ . .

: WSimit ETMim EOMTim FAMETERS -

i

'
EINeflIOG CEFFICIM IIULIFE(IAYS)

i 1.000E-41 5.000E-41

2 2.000E-41 7.000E+02

|3 7.000E-Gl 0.000E+03

! FMCT191 EXCRETB IN WM(FU)= f.000E-Ol FmCTISI W INTARE BEPOSITED IN IIFf= 0.430

j FilfllCE IIU LIFE = 2.410D01 BAYS TM MEML FW INCR9edTAL WM WFLEfm 1.000E*H I4Y5

! OMGC MARE PEED 2.000E42 BAYS
I

i C.YS POST lenSAL L1ttll L1010 el SYSTWIC TOTAL ACCalAATU ACOM4 ATE 9 IMOSEGAL INSTEMOUS

! MAKE E N Ot MD91 Emet Emm MNM MDB FEtt$ WM WM WM

|
eCi eCi sti eCi eCi eCl sti eCi eCi sci /L

i
'

10.00 5.05E-02 4.410E44 4.NIE-41 2.3eM41 f.3 DIE-03 4.915-81 0.ff4E-t! 8.63OE44 1.07M44 7.79E-45

3 .00 5.05fE-42 2.llfE43 7.300E-41 2.370E41 1.edE-42 f.004E-41 1.034E40 1.elfE43 1.122E-44 0.144E-05; 1

| 3 .00 5.05fE-42 3.fd8E-43 f.4fM41 2.3NE41 2.232E-62 1.NfDM 2.53dD00 2.22M-43 1.15fE44 0.41M-45 !

! 40.00 5.05fE42 5.879E-43 1.100E+M 2.37E41 2.4NE 42 1.373D00 3.04M+00 2.705E-43 1.10K44 0.41E-N !

l 5 .00 5.05fE42 7.714E43 1.22M+N 2.37E-41 3.01E42 1.495DM 3.463E+00 3.000E43 1.210E-44 0.774E-t$ |
40.00 5.05fE42 f.382E-43 1.314E40 2.379E41 3.255E 42 1.505D00 3.7M40 3.3FIE-43 1.22M44 0.0fM4 !

'

i M.00 3.0$ff-42 1.005E-42 1.300000 2.30E-41 3.492E-42 1.453D64 3.90M+00 3.43M-43 1.23fE44 0.ftM45
; 80.00 5.05ff-02 1.210E-42 1.42E+00 2.3BIE-Gl 3.cM42 1.MM40 4.15dE+N 3.021E-43 1.NfE44 f.052E-95 |

90.00 5.05fE-42 1.314E-02 1.444DM 2.3B1-01 3.77M-92 1.NID00 4.281+00 3.f71E43 1.25E 04 f.104E45 !

100.00 5.05ft-42 1.404E-02 1.490000 1.302E41 3.87M-42 1.767E+00 4.379E40 4.00ff-43 1.25 44 f.144E4
! !!0.00 5.05ff-02 1.47E-42 1.5IE 80 2.38M-41 3.94M-42 1.700E40 4.450D00 4.181E43 1.26E44 f.INE45
! 120.00 5.05fE-02 1.534E-42 1.52E+N 7.38M-41 4.0HE-42 1.NM40 4.5HE40 4.254E-43 1.2dfE44 f.lf7E4
|' 13.00 5.05fE42 1.582E-42 1.53E+00 2.NM41 4.04E-02 1.01100 4.545 40 4.311E-03 1.272E44 f.214E45

140.00 5.05fE42 1.419E42 1.544D00 2.383E41 4.003E42 1.82M+00 4.57E+M 4.355E43 1.273E44 f.220E4 |

150.00 5.05ff-42 1.650E-02 1.550D00 2.38141 4.10fE42 1.82fDM 4.599D00 4.3fE-03 1.275E44 f.230E45 .

i 140.00 5.05ff-42 1.eNE-42 1.554DM 2.383E41 4.12fE42 1.0MD40 4. elm 40 4.4tM43 1.27E-44 f.2 5 -45 |
! IM.N 5.05fE-42 1.4fM42 1.55E*H 2.3BM41 4.15 42 1.03M*00 4.42fE40 4.43IE-43 1.277E-H f.251E45 i

! 15.00 5.05FE-42 1.70E42 1.540DM 2.381-41 4.15M42 1.04E40 4.43fE40 4.455E43 1.277E44 f.25M4
! 190.00 5.05ft-42 1.720E-42 1.5m+00 2.18141 4.ledE42 1.M2E40 4.64dE46 4.440E43 1.270E44 f.25fE45
I 200.00 5.05fE-42 1.72fE-42 1.5 E 40 2.383E-Gi 4.17M-42 1.M M 40 4.NIE46 4.470E-93 1.270E44 f.2dit-05
i Ill.N 1.131E49 1.472E-42 1.119000 1.fflE43 3.NIE-42 1.15M+00 3.75dDN 3.421E-43 2.H0E45 1.471-45
| 220.00 2.52M-17 1.330E-42 0.30541 1.321E-43 2.510E-02 0.540E41 2.025Det 2.07M43 1.540E-45 1.121E-05
| 23.00 5.M9E-25 1.350E42 4.lME41 f.74M44 1.75M 42 4.3dfE41 2.125DN 2.27M43 1.19M-45 0.520E44

240.00 1.2M-32 1.141E42 4.5?M-41 7.22544 1.514E42 4.7ME-Gl 1.5fE46 1.795 43 f.07M-44 4.487E-46
; 250.00 0.0000N f.004E-03 3.3fM41 5.M5E44 1.173E 42 3.520E-41 1.NIDW l.415 43 4.90lE46 4.93M44 f
i 240.00 0.000DN 0.15M-43 2.52M41 3.754E44 f.0ME-03 2.dlM-41 f.0ME41 1.llM43 5.NE44 3.750E46 i

l 23.N 0.000DN 4.70E43 1.87M-41 2.92W44 7.00M 43 1.94-41 d.77M-41 0.NM44 3.90dE44 2.NfE44 |

| 200.00 0.000E40 5.4M43 1.390E 41 2.143E44 5.409E43 1.44E41 5.100E 41 d.0M44 3.029E-04 2.idW N |
! 290.00 0.N00M 4.41M43 1.032E-Gl I.400E44 4.17M-43 1.075E41 3.040E-ti 5.375 44 2.300E-44 1.M4Eed |

| 300.00 0.000DM 3.54M-43 7.4m-42 1.lME44 3.2tM43 7.995E-42 2.WM-41 4.NdE44 1.74E44 1.240E46 i

i

i

)

: _

j
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DenfAR IETALS M 294EC43~

IERIVED NESTit4 Tim LMLS MIE I

TWRitM 234 -

OWNlt DeWATim. MME 3.000E-41eCi/MY
IM.EK CLASS W !.0 NICam MfilCttATE FMCTim FRm Il TO SYST!Nic (FD= 1.N0E-H

!
CSTIHlc ETINilm EOmTim PnetETERS

.

CN etDENT COEFFICllNT letLFLIFE(DAYS)

1 1.000E-41 5.000E-41
2 2.000E-41 7.000E+02
3 7.000E41 I.000E+03

FMCTim EXCRETED IN WM(FU)= f.IttE-il FMCTim 0F INTME KPOSITED IN 000Ys 1.430
PHYSICAL lenLF LIFEa 2.410E*01 OAYS TM MTElimL FOR INCRENNTAL WM $4FLE> 1.000E+H b4TS

: OWN!C INTAIE PER10> 2.tHE+12 RAYS

CYS POST lebSAL L1tfH LIMI 81 SYSTIMIC TUTAL ACC1MAATED ACC1MULATED INCREMENTAL INSTEMOUS
MME INNH M DEN M DIN M DIN M DEM M 0EN FECES WM WM WM

eCl sci eCi eCi eCi eCi oCi eCi eCi eCi/L
>

10.N 4.dllE-42 1.f4E43 4.227E-41 2.07E41 1.?IDE-t! 8.0!M41 7.775E-01 1.57E-42 1.fME-13 1.431E-43
>

3 .00 4.dllE 42 4.ll4E 43 4.dddf 41 2.llE-41 3.644E-41 1.18E40 1.d!K+H 2.77tE-42 2.983E-93 1.513E-43
N.N 4.d!!E-42 1.044-42 8.27?E-41 2.144E-41 4.133E-t!.1.45SE*H 2.251E40 4.ll4E42 2.145E13 1.572E43
40.00 4.dllE-42 1.454E-42 f.MIE-41 2. idle-41 4.972E-41 1.H7E+N 2.742E+00 5.02E-42 2.224E-43 1.d!M-83
3 .00 4.dllE42 1.790E42 1.N4E*te 2.172E 41 5.425E-t! 1.?t4E40 3.11M40 5.753E-92 2.2ddE-03 1.44 1-13
40.00 4.dllE-42 2.07K-42 1.051E40 2.l??E-41 d.132E-41 1.It2E44 3.40X40 d.320E-42 2.294E43 1.dd5E43
M.M 4.dllE42 2.295E42 1.041E+N 2.lt4E41 4.52X-41 1.952E+M 3.420E*H 4.782E-42 2.317E-03 1.4ME-43
II.M 4.d!!E-42 2.444E42 1.101E40 2.187E-41 4.82E-41 2.00N+H 3.785E+00 7.130E-42 2.333E43 1.dt!E-83
M.00 4.dllE-02 2.543E-42 1.11540 2.llff-el 7.054E-fl 2.03fE le 3.flM+68 7.41M-92 2.344E43 1.4fff-43

100.00 4.411E-42 2.HfE 42 1.12E+00 2.lftE41 7.230E-41 2.tedE+N 4.005E46 7.43M-42 2.35N-43 1.794E-83
! !!I.00 4.dllE-42 2.71H-02 1.12ft le 2.lf!E-t! 7.3HE41 2.985E+H 4.17E 80 7.N N 42 2.35K-03 1.70tE43

121.00 4.41tE-42 2.75E-42 1.13X+04 2.lf!E41 7.44E-Gl 2.0ffE+00 4.INE41 7.733E42 2.342E-43 1.711E-43
1 38.98 4.dllE-92 2.700E42 1.13E46 2.lf2E41 7.544E-fl 2.10fE46 4.lME*06 S.IME-92 1.345E-03 !.714E-93
140.00 4.411E-42 2.818E-12 1.137E*18 2.lf2E-41 7.MM-41 2.!!7E+04 4.2OIE44 8.!!2E-42 2.3dM-43 1.71M43
150.00 4.dllE-02 2.82E-92 1.130E41 2.17H-91 7.H7E-l! 2.122E+H 4.224E40 8.172E42 2.3dff 13 1.71E43
140.00 4.dllE-42 2.833-42 1.13fE*t8 2.lf2E 41 7. HIE-41 2.12E+H 4.242E*H 8.210E-42 2.370E-43 1.717E-43

|,

IM.00 4.411E-02 2.M5E-42 1.14M40 2.lf2E-t! 7.NE-Gl 2.12fE*00 4.255E46 8.25X-12 2.371E-43 1.71K43
'

100.00 4.dllE-42 2.350E-42 1.140E 46 2.lfM-41 7.725E-41 2.132E 40 4.244E+H I.2tlE-42 2.371E-43 1.71E43
IM.00 4.dllE-42 2.85X42 1.140E+04 2.19N41 7.73ff 41 2.133E*H 4.272E46 1.312E-42 2.372E-03 1.71K43i

~

200.00 4.dllE-42 2.85E42 1.144E*:0 2.17E-41 7.75H-el 2.135E46 4.277E*ll I.31K-42 2.372E-43 1.7tfE-03
Ill.N 1.029E-Of 2.adlE-62 7.177E-Gl 1.15ft-42. 4.040E tl I.3ME+00 3.504E*00 d.754E-02 4.942E-44 2.880E44
220.00 2.297E-17 2.25M-92 4.73IE-41 7.43E 43 4.MIE 41 f.51M-41 2.474E+H 5.3dlE42 2.tf!E-44 2.tdOE-H
23.M 5.13dE-25 1.I!N-42 3.12OE-Gl 4.85M43 3.43dE-41 4.O!N-41 2.83E*00 4.23H-42 2.170E44 1.475E-44
240.M 1.140E-32 1.48E 42 2.844E-41 3.l?tE43 2.NIE-Il 4.OfM 41 1.547t+00 3.32dE 42 1.404E-94 1.tSE-H
25.08 1.000E+N 1.04M-92 1.3E41 2.07tE 43 2.150E 41 3.53E-91 1.17M 00 2.MM-42 1.edE44 7.597E-45
2M.M I.000E40 7.0ME 43 8.fflE-42 1.352E 43 1.HM 41 2.350E 41 8.teIE-fl 2.131E 42 7.445E 45 5.4HE-15
2M.N I.00M40 5.745E43 5.73N 42 8.82E44 1.25dE-ti 1.850E-01 4.71X-ll 1.5ME-42 5.522E45 3.93E45
III.M t.000E40 4.leM-43 3.914E-42 5.743E-44 f.56M 42 1.35E41 5.072E-tl 1.225E-42 3.ft4E45 2.Hlf-05
2M.N 8.MSE*00 2.ft4E-43 2.582E-92 3.74N44 7.2dM-42 f.80E42 3.027E-Gl f.442E-03 2.000E-45 2.05X45
300.M I.It0E46 2.120E-03 1.7tX-42 2.457E44 5.5tN-42 7.240E-42 2.ISE41 7.324E-43 2.lt5E45 1.487E45

|
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IEELEAR IETALS INC 29-EC-63*

IO!VED MESTimilm LEVELS mGE 1.

TuWim zu -

3 ACUTE DettLATim. MAKE 1. M0E+M eCl
| IM.EE CLAS$ Y 1.0 NICBM mRTICEATE FMCTim FIM 61 TO SYSTWit (FD= 2.000E-M
i

fr5TRIC ETMlm EGETim FIWMTERS

{ CWWEMNT COEFFICI M letLFLIFE( MYS)

| 1 1.MM41 5.MIE-41
2 2.000E-41 7.000E+02

i 3 7.0ME-41 8.M0E+83

i FMCTim DCRETED M WM(FU)= F.M0E-91 FMCTIM IF INTAKE DEPOSITED IN IODY= 0.630
; PHY$1CE lenLF LIFE = 2.411E+0! MYS TM MEML F# INCRMNTAL WM terLEM l.000E+BI MYS

CY1 POST lenSAL L1tFH LN 81 5Y3TWIC TOTAL ACCIMAATED ACCIMAATD llCRMNTAL INSTMTMOUS !

MAKE MDEN MDB M DEN MNN MBIN INDEN FECES WM WM WM
eCl sti eCi eCi sti sti eCi eCi eCi eCiA..

1.00 5.10!E-42 5.04E45 2.00E41 2.ffEE-01 3.472E-43 5.llM-81 4.951E-42 2.5t?E44 2.51N44 8.83E454

2.00 8.7M-43 f.MdE-t$ 1.79fE-41 2.14IE-41 3.51'-03 3.891E41 1.fddE-01 3.!!dE44 4.M2E-05 2.352E-85
4

I 3.00 1.50M-43 1.42dE44 1.51M-01 1.12dE-41 3.2d4E43 2.474E-91 3.08E-41 3.21444 1.861E-05 7.14K44
{ 4.M 2.585E44 1.NE44 1.401E-41 5.33BE42 3.l?E43 1.fddE-81 3.44M-41 3.187E44 4.3BM44 3.t!5E-N
i 5.00 4.440E-45 2.NGE44 1.32?E41 2.444E-42 3.100E-03 1.402E-41 3.850E-el 3.12fE44 3.N7E-44 1.f2M-44
! 4.00 7.627E-44 2.dtfE44 1.271E-ti 1.121E42 3.025E43 1.414E-01 3.8ME-41 3.044E44 2.390E44 1.410!-44
) 7.00 1.31E-44 2.955E44 1.22dE-41 5.22ff-43 2.951E-43 1.30 E-fl 3.M8E-41 2.ffIE44 2.13IE-84 1.494E-ed'

O.00 2.250E-47 3.27E44 1.10dE-t! 2.515E-93 2.8?fE-03 1.240E-Il 3.7E 41 2.734E44 2.11X-44 1.432E-M
! 7.M 3.865E48 3.5ME44 1.14fE-41 1.279E-43 2.OBfE-03 1.lf9E41 3.470E-01 2.870E-44 1.f4M46 1.38E-ed
| 10.00 d.43ff-if 3.840E44 1.ll5E-t! 4.90X44 2.NSE43 1.14fE-41 3.57X-41 2.II7E44 1.08~E-44 1.34E-N
i 11.00 1.1#E49 4.122E44 1.081E-41 4.iddE44 2.47M-43 1.!!2E-91 3.47E-01 2.74E44 1.832E44 1.30ff-44
| 12.00 1.f5ff-lO 4.345E44 1.850E-41 2.048E44 2.NE-03 1.0ME-41 3.3IIE-41 2.48dE44 1.782Eid 1.274E-N
i 13.00 3.344E-!! 4.5flE44 1.IlfE41 2.lfdE44 2.544E-03 1.04E41 3.2SE-el 2.427E44 1.734E-04 1.23fE-ed
i

14.08 5.7??E-12 4.790E44 f.INE-92 1.0#E-44 2.482E-03 1.015E-Il 3.lf4E-01 2.5ME44 1.487E44 1.20dE-N
l 15.00 f.72E-13 4.fflE44 f.5fd-02 1.475E44 2.421E-83 f.855E-02 3.104E-41 2.51X 44 1.442E-ed 1.174E-04
I 14.H 1.795E-13 5.!ddE44 f.314E-42 1.5E-44 2.361E43 f.5ddE-02 3.Il?E-fl 2.450E44 1.5ftE44 1.142E-ed
) 17.00 2.72E-14 5.320E-04 f.041E-42 1.48dE44 2.3BM-43 f.28E-42 2.f32E-fl 2.404E-44 1.555E44 1.ll2E-44j 18.08 5.830E-15 5.47dE44 8.775E-42 1.427E44 2.N7E-43 f.014E42 2.850E-41 2.351E44 1.51M-44 1.882E-44
! If.M 8.440E-!d 5.dllE44 8.51E42 1.3?IE44 2.lf2E-93 0.750E-92 2.778E-41 2.2ffE44 1.473E-ed 1.85X-46
| 21.00 1.4ME-Id 5.73M44 8.247E-42 1.3ME44 2.13E-43 8.495E-02 2.df2E-41 2.NIE44 1.43M-44 1.025E-N
! 21.00 2.54?f-17 5.MX44 0.025E-92 1.2f2E44 2.085E-43 I.24dE 42 2.di?E-01 2.lfIE44 1.395E-44 f.77E-47

22.00 4.3ME-18 5.942E44 7.79ff-42 1.25X-44 2.0ME-43 8.085E-02 2.HM41 2.14fE44 1.357E-44 f.7tM-t?
! 23.M 7.520E-lf 4.030E44 7.544E42 1.215E-94 1.fME-43 7.771E-42 2.472E-41 2.10M44 1.321E-04 f.44X47
| N.M 1.292E-If 4.107E44 7.33IE-82 1.l?fE44 1.f3M-03 7.544E-02 2.*t2E-41 2.855E-44 1.285E-04 f.llfE-t?
! 25.00 2.219E-20 4.l?5E44 7.!!N-42 1.144E44 1.IB7E43 7.32X42 2.335E-Gl 2.IlfE44 1.251E-44 0.f4X47
! 34.M 3.811E-21 4.234E44 4.fl4E 42 1.!!0E44 1.MIE-43 7.10fE-42 2.2dfE-01 1.fd4E44 1.217E44 0.713E-87i

27.00 d.54E-22 d.204E44 4.711E42 1.177E44 1.7?M 43 4.ft!E42 2.28K41 1.921E44 1.105E-14 8.4dft-17
28.04 1.lNE-22 4.325E44 4.514E-02 1.M5E44 1.751E43 4.dtfE42 2.144E-41 1.I?IE44 1.15X44 0.242E47

,

27.M !.f31E-23 d.35fE44 4.323E42 1.t!4E44 1.790E43 4.5ME42 2.0ME41 1.8HE44 1.122E-04 8.820E47,

| 31.00 3.317E-N 4.3BdE44 4.137E42 f.83ff-45 1.45-43 d.31M42 2.125E41 1.775E-04 1.lf2E44 7.IISE47
1

i .

!

I
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MLIAR ETES K 29-DEC-43

IGNED NEITIMTim LEYELS ME 1-

i*

TIERim 2M -

ACUTE IlettLATim MME 1.000E40eCi
100'.R Cuisi W l.t'MICRDI PnfilCIAATE FMCTim Fam 51 TO SYSTRIC (Fl> 2.000E44'

l.

RST9UC ET9fflOf ERl4 Tim PnMETHS - |
~

-

| GNAETIENT CIEFFICIN IItLFLIFE(MYS)
|

! ! 1.000E-01 5.000E41 |

2 2.000E41 7.000E+02

3 7.000E-41 0.000E+83
0

FMCTim EXCRETED IN WM(FUM f.000E-Il FMCTim W INTAKE DEPOSITD IN IOUY= 8.631

FIITSICAL letLF LIFE = 2.410E+0! WS TM INTENtL Fat MR9 ENTE WlE INfLED 1.000E44 W1

E;YSPOST ltLSAL L1tfH LM 81 8YSTRIC TOTE ACCHLATD ACCMLATED INCR9 ENTE INSTN(TAMEDUS

BffAKE RADIN REDIN RRD04 RADIN RADIN RADIN FECES WlE WlE URIE

I' sci eCi eCi eCi eCi eCi eCi eCi eCi eCi/L

'

l.N 4.43IE42 1.MIE44 2.855E-41 2.51E-41 4.MdE42 5.NM-t! 3.ffM-42 4.590E-43 4.5fGE-03 1.504E43

2.08 7.fddE-43 3.18E44 1.679E-01 1.II!E41 d.004E42 4.idfE-91 1.43dE-f1 5.M2E43 1.194E-43 4.17E-M
3.00 1.3 DIE 43 4.575E44 1.471E-01 1.021E41 5.921E42 3.004E41 2.didE-t! 5.835E-43 3.33M-84 1.322E-44

1 4.00 2.350E44 5.M5E44 1.M4E-41 5.02M-42 5.7EE42 2.425E-41 3.124E-41 5.773E-43 1.220E-44 d.104E-85

5.00 4.837E45 7.001E44 1.25dE-41 2.440E42 5.45dE-42 2.0ddE-41 3.327E-41 5.efft-93 7.IllE-05 4.370E-45

; 4.00 d.934E44 8.851E-44 1.10fE-41 1.22dE-42 5.531E-42 1.845E-41 3.374E-t! 5.593E-03 5.593E-45 3.832E-05

7.II 1.lflE-ed 9.001E44 1.131-41 4.42EE43 5.40fE42 1.740E41 3.350E-ti 5.485E-03 5.!!dE-95 3.40E-05
8.00 2.04dE-47 9.05M-94 1.08E-01 3.fffE43 5.20fE42 1.452E 41 3.273E-t! 5.379E-43 4.875E-45 3.444E-45

f.00 3.514E48 1.04143 1.037E41 2.7M43 5.171E-02 1.582E-41 3.22 1 -01 5.273E-43 4.df5E45 3.342E-45

10.00 4.035E-09 1.131E43 f.NX42 2.11M-03 5.855E-42 1.521E-41 3.147E41 5.lefE-03 4.534E45 3.230E-05

11.N 1.037E49 1.lf3E-43 f.535E42 1.7tfE-03 4.941E42 1.4541 3.870E41 5.04dE-03 4.M2E-45 3.122E45
1 12.00 1.MIE-10 1.247E-43 f.1M-42 1.400E43 4.82fE-42 1.41X-01 2.ff3E-41 4.9 5 -43 4.235E-45 3.010E-85

13.00 3.050E-!! 1.294E43 0.772E-42 1.47M-03 4.720E-02 1.M4E-t! 2.71M-sl 4.045E-03 4.094E45 2.fl7E-45
; 14.00 5.251-12 1.33dE-43 8.415E42 1.3flE-43 4.dl2E42 1.317E-41 2.842E-t! 4.7dM43 3.750E-45 2.820E-15
1 15.N f.024E-13 1.371E43 8.t?3E-42 1.320E43 4.50dE42 1.27.E-el 2.7dfE-91 4.470E-83 3.82dE-45 2.72dE45

14.00 1.550E-13 1.482E-43 7.7M-42 1.25fE43 4.40E-42 1.22)*:41 2.490E-Ol 4.575E-43 3.effE-05 2.435E-85

17.00 2.M2E-14 1.42M-43 7.43BE-02 1.204E-03 4.NIE-02 1.1851-41 2.42fE-41 4.40!E-03 3.57dE-85 2.540E45

| 10.00 4.573E-15 1.44E-43 7.12OE42 1.152E43 4.32E-42 1.lM 01 2.5dlE-41 4.3OSE-43 3.457E-45 2.443E-85

| If.M 7.054E-ld 1.445E-03 d.83OE42 1.10E-93 4.104E-42 1.10E 91 2.495E-91 4.2fM43 3.M2E-05 2.3BIE-45

21.N 1.MfE-14 1.47EE-43 4.5 DOE-42 1.05M43 4.00fE-42 1.0M-31 2.43IE41 4.200E-83 3.231E-45 2.302E-95;

21.00 2.31M-17 1.48M-43 d.2NE-42 1.01X43 3.91542 1.831E-41 2.3dM-Gl 4.120E-03 3.12X45 2.225E-45
i22.00 3.fBIE-10 1.493E43 4.83E42 f.703E-44 3.821-02 f.75E42 2.3IdE-41 4.023E-43 3.tifE-45 2.151E-85

23.00 d.837E-!f 1.495-43 5.792E-42 f.2fE44 3.73E-42 f.dtfE-02 2.24dE-91 3.94EE43 2.ftfE-85 2.000E-45

| 24.00 1.174E-If 1.4fE-43 5.55M42 8.fl0E44 3.NE-42 f.2flE-42 2.18M-41 3.044E-03 2.822E-45 2.011E-85

i 25.00 2.0lM-20 1.4fE43 5.331E42 0.53IE44 3.55K-02 8.f?M42 2.13OE-01 3.782E43 2.720E-05 1.944E45
'

24.00 3.4 M -21 1.48M43 5.114E42 8.It2E44 3.47E-42 8.470E-02 2.074E-41 3.701E-43 2.43OE-45 1.87M-95
i 27.00 5.95tE-22 1.400E-43 4.fHE42 7.040E44 3.392E-42 8.37dE-42 2.020E-Gl 3.422E43 2.550E45 1.Il7E-95

28.00 1.022E-22 1.471E-43 4.70M-42 7.51X44 3.311E-42 0.093E42 - 1.fM-ti 3.544E-93 2.4ME-95 1.757E-05

29.00 1.75dE-23 1.440E43 4.515E42 7.200E44 3.231E-42 7.819E42 1.ff dE41 3.4dM-03 2.304E-45 1.df9E-05
30.00 3.0!dE-24 1.447E-43 4.332E-42 d.89fE44 3.154E-42 7.555E-42 1.045E-01 3.392E-93 2.315E45 1.d42E-95

.
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10 CFR 20 MPC FOR DU AND 'ni-234
. =

_ General Review

The current 10 CFR 20 MPC,'s for DU and h-234 and respe tive regulatory
limits are examined below. The specific activity (SA) of Du (a mi'xture of U-238,
U-235 and U-234) used is 4.5 x 10' C1/ gram. his has been confirmed by recent
independent mass, alpha and gasma spectroscopic analysis of several depleted UF

4samples. The above value is also consistent with the equation: SA = 0.338 +
0.477Es where, E = wt.4 U-235 (in this case, E = 0.24). Using the above SA, the 10

8CFR 20.103 quarterly breathing rate of 6.3 x 10 al/ quarter, and the 10 CFR 20,

Appendix B, Footnote 4, 0.2 mg/m restriction on chemical toxicity; the MPC, and
Intake Limits can be calculated as follows:

Appendix B, Table I Values

.

Q DU (S)

3 3 30.2 mg x 1m x em x 10 mg x 1.5 x 10 mci -10
~

1 x 10 C1/mi=
a 10 cm ml og pg

(Note: 8 x 10" (4.5 x 10' ) = 3.6 x 10 < 4 x 10 mci-hr/ml limit)

Q DU (I)

(Note: Same for U-238, U-235 and U-234) 1 x 10 #Ci/ml
-0

EC.,,Th-234 (S) -8
6 x 10 mci /ml

E , Th-234 (I) -8C 3 x 10 uti/ml

__ _ ,__ -_- .-. - . _ - _ _
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10 CFR 20 MPC, FOR DU AND TH-234
Page 2

I

.

Summary of Intake Limits

.

Seven WorkingMaterial 8 MPC-hr 40 MPC-hr 520 MPC-hr Day Intake Rate

DU (S) 8.72 x 10'4 mci 4.36 x 10 mei 5.66 x 10' mci~3

(1.94 mg) (9.68 mg) (126 mg) (1.38 mg/ day)

~4 ~3 -2DU (I) 8.72 x 10 pCi 4.36 x 10 mci 5.66 x 10 mci
(1.94 mg) (9.68 mg) (126 mg) (1.38 ag/ day)

Th-234 (S) 0.58 #Ci 2.90 mci 37.8 mci 0.41 mC1/ day

Th-234 (I) 0.29 mci 1.45 mci 18.9 mci 0.21 xCi/ day

.

. , , , - _ . , - _ _ . . . - - - _ . . - . . , .-, ~ _ _ _ . . ,
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NMI AIR SAMPLING PROGRAM
j

- 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 3 liters per minute), a 48 hour decay
period (i.e., for Rn-222 daughter products), and subsequent gross alpha
and gross beta counting with an automatic 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 in 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 p cts using Regulatory Guide 4.14
formalism are as follows:

LLD = 4.65 Sm

|

2.22 x 10 dpe/pCi EVY exp (~hd.d )
|

'

Where, LLD is the lower limit of detection (sci /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 c/d alpha, 0.45
-

c/d beta)

V is the sample volume (milliliters - variable)
Y is the fractional yield (i.e. , self absorption 0.7

alpha, 1.0 beta)

exp (-haf) is the decay correction (none alpha, generally
t

negligible beta)

|

10.5 hours 1.0 hours 8.0 hours |
_

|

~11 ~1 -12LLD DU (uci/ml) 5 x 10 3 x 10 3 x 10

~11 ~11L1D Th-234 (sci /ml) 9 x 10 4xM 5 x 10"

.

. . , - --_ . . - - - - - , - - . - . . _ - - - - - - . _ - - . - _ - - - - - . , - - - _ .
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MMI AIR SAMPLING PROGRAM
Page 2-

|
.

Stationary Saar'. ors
i .

; Stationary air samplers are located throughout the plant to monitor
the general workirig environs. Also, locations are chosen in en attempt
to evaluate specific operator's positions relative to equipment or

i processes. Sample filters are changed on shift bases (three shifts
maximum) to minimise 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 -
'

Bioassay Program. Attached is our 1983 Summary of Quarterly Averages.

|

: Personal Samplers f
4

| Personal Air Monitors (PAM's) are used throughout the plant to
i specifically monitor the breathing mone air quality. They are used
j integrally in the NMI Radiation Work Permit (IBfP) Program. That is, if
'

any non-routine operation has any likelihood of generating airborne DU,
a PAM is required. Also, characterised 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 8.30) is used to monitor compliance with 10 CFR 20.103.
| Attached are the forms currently used for tracking employees' intake. *

Por 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.
1 Intakes occurring during their normal activities (i.e., equipment

maintenance not requiring a Special IBfP) would be well less than teni

{ . percent (104) of the limit as indicated by the stationary summaries.
j Thus, the intake need not be included (10 CPR 10.103 a3) .

t
I It is important to note at this point that various forms of

respiratory protection are used in conjunction with our IntP Program.
This is consistent with the AIARA philosophy. However, the Respiratory
Protection Program is not formal, and no protection factor credit is

i used in estimating intakes. Furthermore, respiratory protection does
, not replace engineering controls which are also an integral part of our
| AIARA philosophy.
|.

!
|

|

r

s

!
. . - . - _ - - . . - - - -. - - - - _ - . - . - - --. - _ _-.,- -- . - _ - - - .
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HUCLEAR METALS: 1983 AIR QUALITY SUtW4ARY
e

STATIONARY SAMPLING

.

.

IST QUARTER 2ND QUARTER 3RD QUARTER 4TH QUARTER - q

AREA ALPHA BETA ALPHA BETA ALPHA BETA ALPHA BETA

CAF LINE .02 4.01 .02 <.01 .01 4.01 .01 4 01

FOUNDRY .03 .03 .02 .02 .01 .01 .03 .02
~

1400 TON *

PRESS. .03 .01 .01 .01 .01 .01 .02 .01

MACHIhE SHOP .05 4.01 .06 4.01 .04 4.01 .03 4.01

M.S. ANNEX .01 4.01 .01 4.01 .01 4 01 .01 4.01
. - ~

MEZZANINE .01 4 .01 .02 <.01 .01 <.01 .01 <.01
'

-

REDUCTION .12 .01 .03 .01 - - - -

RED. OVENS .12 .01 .08 .01 ' *'- - -

LIMIT 1.00 3.00 1.00 3.00 1.00 3.00 1.00 3.00

AVERAGE QUARTERLY RESULTS (ALPilA pCl E-10/ml and BETA pCl E-8/ml)*

;

. - . . _ _ . _ _ ___ _.



' 2 M P LE ' FORK :
'

EMPLOYEE BREATHING ZONE: QUARTERLY AIR SAMPLE RESULTS.

NAME: EMPLOYEE ID #: DEPT:

.

I M TIE ESTIMATED INHALED UEANI M (pCi x 10-2)ii

N
~ '

S 19 D 2.OCATION X 10 (Min) .
i

SAMPLE RUNNING ESTIMATED @ E

PROJECTION
TOTAL UPDATE

I O e . ("T*h (E. Up, x
DATE

(^) (T) I*T)

l

,

,|

|

|

r

r

.

.

.

"

Guide 1.0 0.087 5.66
i

O s - sample mander. e D = wumber or workaays elape.a in Quarter.
For those not wearing PAM on routine basis, D/S = 1. '

!Quarterly projection performed on a ' spot check' basis.
i

R.P. Form No. 19, Revised: December 9, 1982. j

1

|
- ,

|

__ _ _ . _ .
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EMPIDYEE BREATHING ZONE: QUARTERLY AIR SAMPLE RESULTS
.

NAME: EMPLOYEE ID 0: DEPT:

-

TIME *

-8) '

ESTIMATED INHALED Th-234' (pCi)f BETA
S 19 D IDCATION pCi x'10 (Min) .~

h / SAMPLE RUNNING ESTIMATED QUARTERLY
DATE TOTAL UPDATE PROJECTION

(A) (T) AXT} (RT) [RTXD,) [E. Up. x Qf

15000 / \ S/ \ D I

!

,

!

|

|

|
|

|

|

.

'

Guide 3.0 0.29 18.88

S = 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: Deces ar 9, 1983.

_. -,.
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EMPIDYEE BREATHING ZONE: SEVEN DAY AIR SAMPLE RESULTS !.

- |
1

MAME: EMPLOYEE ID #: L::PT:

40 MPC-hr Check .

.

NOTE: The NRC states that intakes shall be kept AIARA and restricts intakes in
any seven (7) consecutive days to that which would result frba an exposure
at the MPC for forty (40) hours (10 CFR 20.103 , b2) . Any estimated
inhaled urafiium or thorium-234 result in excess of eight (8) MPC-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" mci 0.436 x 10 mci
~

Th-234 0.29 mci 1.45 mci

DAY DATE URANjUM Th-234
(x 10 ) sci asci

1

2

3

4

5
,

6

7
-

TOTAL
i

Radionuclide Mixture Check

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

7 Day Total Uranium 7 Day 7btal Th-234,
40 MPC-hr 40 MPC-hr b

-2 "0.436 x 10 pCi 1.45 mci

H.P. Form No.19, Revised Decetr.ber 9,1983
I
i

4 ,

- - - - - - - - - - - - - - - - - -
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MKI URINALYSIS PROGRAM,

.

General Review

The fluorometric determination of uranium 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 Naterials procedure No. D2907-75. Limits of detection with
only several milliliters of solution are typically 1 pg/1. This
indicates an ability to "see" l 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 I
functional aspects as follows: '

1). 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
measurements. The mean value (about 5 mg/1) 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 all employees working in
restricted areas. The intent is to assure that engineering controls and
the Air Sampling 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,
lur.g counting, and/or focal 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 classification1

! was recently used in a diagnostic evaluation of a machining aerosol

| '

| s ;

t

'
- , - .-. . __ - . _ _ . - _ _ , __. _ _ _ _ - _ _ . __
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I

i

intake (see attached meno 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-35,
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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Teles 15-2874 |
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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
AN AIRBORNE DUST SAMPLE. BNW CONTRACT NO. 23112005339

The purpose of this study was to conduct dissolution trials on the airborne
dust saniple 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 on 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-1428, that I sent you earlier. Portion NM-P was suspended in 2.00
ml of stirred simulated lung fluid contained in a 3-ml, conical-bottom vial
(Pierce Chemical, Reacti-Vial) whereas portion NM-F was placed in a 5-ml,
conical-bottom vial with the imbedded particles facing 5.00 ml of stirred
simulated lung fluid. The temperature of the systems was maintained at 37 j

|1 10C, 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, i

Part 45, Nuclear Standards, American Society for Testing and Materials, jPhiladelphia). 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 forri:

F = rj fi exp (-0.693t/Tj)

__ _
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where the fi are the fractions of the total uranium in each portion dissolving
; with half-time Ti. The values of fi and Tj 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 ug, and the total
amount of uranium found in portion NM-F was 142.0 ug. Based on these total,

1'

weights and the amounts of uranium dissolved after various periods of time, I
values of F were calculated and are shown in Table 1.

i

l

,
,

, TABLE 1. Fraction of Uranitsn Remaining Undissolved as a Function of Time

Portion NM-P Portion NM-F
t F t F

$ 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 0.494 10.00 0.456
; 21.00 0.440 21.00 0.451

j 38.00 0.413 38,00 0.446
; 60.00 0.411 60.00 0.440.

>

Approximate values for the fi and T1 were obtained by graphical analysis of
i the data, and these were used 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.

|
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TABLE 2. Uranium Dissolution-Rate Parameters and Classifications

T T f TPortion i i 2 2 3 3 Classification

NF-P 0.34 0.01d 0.25. 7.8d 0.41 20,000d 59%D, 41%Y

NF-F 0.48 0.03d 0.05 0.7d 0.47 888d 53%D, 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,
,

$kON.O
Donald R. Kalkwarf, Ph.D.
Chemical Methods and Kinetics
Biology and Chemistry Department

I

i
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1
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$Q0 D. J. Allard,

Q INTAKE EVALUATION0

Background:

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. A1)'

personnel involved were instructed to submit spot urine samples for the nextI four days.

Results:
1
*

Initial air sample results indicated exposures on the order of two (2)
g MPC-hours. No one was restricted from further work. On 12-29-83 our MIT'

consultant phoned in the emergency results. One individual M '

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

Date Time Days Post Intake ug/l Es t . c' *

*

1 12-12-83 12:00 Midnight 0.25 67 8.2
j 12-13-83 12:00 Midnight 1.25 14 3.7

12-14-83 12:00 Midnight 2.25 8 2.8'

12-15-83 12:00 Midnight 3.25 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.

.

'

Actions
i
i

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

Reconunendation :

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

DJAsswk

|
Attachments.

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

\
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, IRICLEAR IETALS M 29-DECt3,,

IERIVED NESilIATim LEVELS M6E 1
|
|

IR Wim 238 i

ACUTE IlettLATim MAKE 1.000E+00og
56.5% CLASS D 1.0 MICRW NTICEATE FMCTim FRm El TO SYSTm!C (Fl> 5.000E-02
44.IX CLASS Y 1.8 MICRW PARTICILATE FMCTim FRm 61 TO SYSTEMIC (Fl> 2 000E-831

| -

i SYSTRIC ETINTim EImTim mWETERS
! .

{ CHnf1MNT COEFFICllNT letLFLIFE(DAYS)
1

1 5.340E41 2.500E-Il
2 2.400E-t! 4.000E+01

: 3 2.000E-Il 2.800D11
4 1.040E-03 1.500E+B3

5 2.300E-92 5.000E+03

FMCTim EXCRETED R WM(Filk 1.000E+00 FMCTim 0F INTAIE DEPOSITED IN 10DY= 0.430
PHYSICAL IglLF LIFE = 1.450E+12 DAYS TM MERWL FOR INCRMNTAL WM INLED 1.000E+44 MYS

|

MYS POST letSAL L1tn LIBIS 81 SYSTRIC TOTAL ACCmlAATED ACCINA.ATED INCRMNTAL INST 4174EDl;$
1

INTAKE RIIDEN INDEN IWDEN M DEN INDEN IWDEN FECES WM llRM WM .

80 og og og og og og og og og /L !

!

. 1.00 2.310E-42 f.727E-43 1.390E-91 1.944E-fl 1.181E-Gl 4.51dE-01 4.53fE-42 1.IISE-fl 1.100 H 1 4.170E-82 |
2.88 4.8ME43 4.090E-43 f.32dE42 1.2 DIE-41 1.122E41 3.322E-01 1.4ddE41 1.472E-Il 3.721E-92 1.44dE-82

'

3.81 7.219E44 1.800E-43 7.edfE42 d.448E-82 1.95X-01 2.4ddE-91 2.lf0E-Il 1.437E-01 1.44f M 2 8.52M-03 ;
'

4.06 1.27dE44 4.77dE44 7.83M-42 3.832E42 f.MM-42 1.991E-t! 2.574E-Il 1.7ME41 f.df3E-83 5.7df M 3
5.01 2.25dE-45 3.833E44 4.772E-42 1.391E42 f.212E-02 1.73M-81 2.757E41 1.004E-t! 7.lfM-03 4.451 H 3
d.00 3.900E44 1.933E44 4.45dE-42 4.410E-43 8.410E-62 1.593E-01 2.MIE-41 1.844E-81 4.845E-93 4.ldlE43
7.00 7.950H7 1.75dE44 4.599E-42 3.015E-03 0.090E42 1.500E-41 2.OOSE-t! 1.920E41 5.387E43 3.45M-03

; 8.08 1.24dE-87 1.Id3E44 4.5dfE42 1.4ddE-43 7.41M42 1.433E-t! 2.89E-41 1.fefE-41 4.87dE-03 3.322E-83
'

f.00 2.20M-40 2.85M44 d.551E-42 7.502E44 7.l?OE-82 1.300E-41 2.90M-41 2.IIM-91 4.44dE-13 3.135 H 3
10.00 3.Of5E-Of 2.240E44 d.539E-02 4.145E44 4.745E-42 1.3ME-01 2.ft2E-41 2.854E-01 4.0ddE-93 2.779E-03

i 11.88 4.II5E-Il 2.40fE44 d.529E-02 2.548E-M d.3fM42 1.295E41 2.914E41 2.lflE-01 3.72dE-03 2.54tE-93
i 12.08 1.217E-10 2.712E-04 d.521E42 1.780H4 4.952E-62 1.25fE-Ol 2.ftdE-91 2.125E-01 3.42tE-03 2.341E-03

13.00 2.151E-!! 2.735E44 d.514E-42 1.487E44 5.73IE-42 1.227E-91 2.fl7E-Gl 2.15?E-91 3.145 H 3 2.154E-43

14.00 3.IIX-12 3.150E44 d.587E-02 1.224E44 5.449E-92 1.177E-Ol 2.917E-41 2.18dE-41 2.OfdE-03 1.ftdE-03
15.00 d.723E-13 3.300E44 d.500E-92 1.133H4 5.183E42 1.left-01 2.fl0E-01 2.21M-ti 2.471E-03 1.833E43,

16.00 1.10fE-13 3.dllE44 4.493E-02 1.000E44 4.937E42 1.144E41 2.fl9 H 1 2.237E-91 2.4 DIE-83 1.df5E-43
17.00 2.181E-14 3.82M44 4.40dE-02 1.044E44 4.70fE-62 1.121E-01 2.ftfE41 2.240E-41 2.204E-03 1.570E-83

10.00 3.714E-15 4.944E44 4.400E-42 1.052E44 4.4flE-42 1.OffE41 2.92O H 1 2.2BIE-91 2.117E-93 1.454E-43

19.00 4.5ddE-Id 4.244E44 4.473E-02 1.045E44 4.382E42 1.0?fE-01 2.921E-t! 2.3 ole-81 1.fddE-93 1.353E-13
I 20.00 1.141E-Id 4.484E44 4.444E-82 1.MIE44 4.120E-42 1.040E-t! 2.921E-41 2.319E-Il 1.020E-03 1.240E43

21.00 2.052E-17 4.7tM-04 d.45fE42 1.03IE44 3.951E-02 1.M2E-81 2.922E-Il 2.33dE-41 1.70M-63 1.l?4E-43
22.88 3.427E-11 4.722E44 6.453E42 1.03dE44 3.7FM-92 1.02dE-41 2.922E-01 2.352E-01 1.50fE-83 1.0fM-83
23.00 d.412E-19 5.141E44 4.44dE-42 1.0ME44 3.645E-02 1.018E-Il 2.92M-01 2.3dM-81 1.485E43 1.82dE-03

24.00 1.13M-19 5.35fE44 4.43fE-42 1.03M-44 3.50M-42 f.95dE-02 2.924E-41 2.381E-01 1.390 H 3 9.409E-M
25.00 2.084E-20 5.57M44 4.433E-42 1.031E44 3.377E42 9.820E-42 2.724E-Gl 2.394E-01 1.30X43 f. tide 44
24.00 3.542E-21 5.794E44 4.42dE-82 1.030E-M 3.25dE-02 f.df2E-62 2.925E41 2.40dE-Il 1.224 H 3 0.472E-H
27.08 4.242E-22 4.811E44 4.4tfE-92 1.020E44 3.141E42 9.571E-92 2.925E-fl 2.418E-ti 1.151E43 7.973E-M

i 28.00 1.197E-22 4.227E44 d.41M-82 1.02M-M 3.834E-92 9.457E-82 2.924E-Sl 2.420E-Gl 1.8ME-43 7.514E-H ,

'
29.00 1.957E-23 4.44M44 d.494E-02 1.02dH4 2.932E42 f.349E42 2.72dE-Il 2.43fE-fl I.822E-03 7.lflE44 |

30.00 3.45fE-24 d.45fE-44 6.3ffE42 1.024E-94 2.837E-02 f.24dE-02 2.92M-41 2.440E41 f.450E44 4.701E-M; j

! l
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NMI ANNUAL LUNG COUNTING,

General Review l
'

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 previotas year.
Additionally, all foundry employees are asked to participate. In 1983
in excess of one hundred persons were lung counted (> 20% of the' exposed !' work force) representing a cross-section of the employee population by
Department (i.e., plant area).,

i

Attached is a 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 gasma 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 og of natural uranium." Twenty-one percent (214)-

of our 1983 counting results were in this range (see attached
histogram). Recent conversations with our vendor indicate that an

i apparent burden of 3 mg DU is typical for anyone who has had recent
j 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 "soparent" DU is a typical result due to radon
{ daughters, then fifty percent (50%) of the 1983 lung counts would be in

this range.
; ,

Also included in the attached histogram is a distribution of the
1983 counting results for our Foundry 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
j 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

j (several worked over the shutdown period). It is possible that
short-term, rapidly clearing DU is meing observed also.

|| Despite the above technical problems associated with lung counting ffor DU and possible skewing of results due to the esployee 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 insoluble DU and/or Th-234 at regulatory limits -- the lung counting

results are quite reasonable and an annual frequency is justified.

4
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iiiE M l HELGESON SCIENTIFIC SERVICES
$ 5587 SUNOL BOULEVARD PLEASANTON, CALIFORNIA 66*.

(415) 846-3453 TWX. 910482 6460 * Cable Address: HE UC*

M .

'
'

(
' g. . . ,

[0September'30, 1983 -

, e,
. .

.

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 ever
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

,

Jeffre S. Guehring
Corporate Health Physicist

.

JSG:jf

Enclosures

. A CAUFORNIA CORPORATION
I

{
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- URANIUM-238 ANALYSIS ' r- " 4- A ' ' ' ",- . , '-
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1'. . . . *

Uranium-238 setivity may be estimated indirectly from either Th-234 or -
* ,

U-235 that'are present in the subject's lung count gamma-ray spectrum.
The indirect dt.iirraination is necessary because U-238 does not emit
measurable gamma rays aa 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 Uranium exposures, and it is independent of the degree of
Uranium enrichment of the source sterial.

Th-234 Method: ,

Th-234 is the first daughter in the U-238 decay series, and it emits
significant gamma rays at 63 and 93 key. The equilibrium activity
ratio of U-238 to Th-234 is 1.0 to 1.0 (Note: Th-234 will " grow-in a

to 90% of its equilibrium activity in 80-81 days if the source'was not
at equilibrius; i.e., recently purified Uranium).

The typical lower limit of detection for Th-2341.= 0.6-1.0 nanocuries,which is equivalent to 2 to 3 ag. of Natural Uranius.

U-235 Method: .
-

The U-235 activity is estimated directly from its primary gamma ray of185 kev. The U-238 activity can then be calculated based on the enrich-
ment 14 vel 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 mg. of Natural Uranium.
.

The Th-234 method offers better sensitivity for U-238 determination for
exposures 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 gas, 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 from Radon
daughters include locating the counter away 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 donningclean clothing.

,

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

.
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1. Bac.kground Corrections - Simultaneous collection of subject and
background spectrum is the most accurate and direct method for
accounting for t'e'effect of non-equilibrium Radium daughters when* h -

i .

^N they are unifo'rmly distributedr,fWnt StfIIP - r- . ; . - b ' ;4 ' - ' -
~

*' '

. .

2. U-235 Anal"ysis Method - The derived U-238 activities froar the Th-234*

and U-235 analysis will agree when there has been no sign'ificant Radium
daughter interference, and Th-234 derived activities significantly
greater than U-235 derived activities are usually the result of Radium
daughter interference in the Th-234 analysis. ,,

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

4. Excreta and Blood Analyses - It is reasonable to expect a degree of
consistancy of results between different bioassay tests and techniques.
Such evaluations are matters requiring professional judgement and
normally are based on a careful review of all available information.
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Gamma Rays (Less than 1% yield)
Half-Life

Nuclide
8 1) 144 kev - 10.5%7.1 x 10 yr.

92 U-235 '

2) 185 kev - 54.05

1) 25 kev - 2%25.6 hr.
90 Th-231

- 2) 84 kev - 8% -

1) 27 kev 6%
3 43 x 10 yr.

91 Pa-231
2) 240 kev 6%

21.6 yr.
89 Ac-227-
1 4 1.2% 227 18.2. day

90
1) 50 kev 40%

Pr-223 22 min.
68.8% 87 2) 80 kev - 13%

.

3) 234 kev 4%

1) 199 kev - 105
88 Ra-223 11.7 day

2) 270 kev,- 105

3) 330 kev 6%

1) 272 kev - 9%
.

86 Rn-219 3 9 see.
2) 401 kev - 5%

1.8 x 10-3 ,,,,
84 Po-215

1) 405 kev - 3 4%
82 Pb-211

2) 427 kev - 1.8%
.

3) 832 kev - 3 4%
' i

2.2 min.83 51-211
*

84 Po-211 0.5 sec.

Stable
I 83 Pb-207

Branching Becay less than 1% not shown
y Per disintegration of U-235 at equilibrium2

- . . _ _
_
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-=,jt|.2._* , . . . . g:: .:n :. ,n. 12- _'N:, + :U-238 DECAY CHAIN
.

. ~ ~~. - + - . - - . . . . . ~-

0amma R m _(less than 15 yield)2
- ,

w.1i., *

Half-Life.
Nuclide * '

9
-

- 4.51 x 10 yr.
92 U-238

1) 63 kev 2 3 8%
24.1 day

90 Th-234
2) 93 kev - 5.4%

o

1.18 minutes
91 Pa-234

5
2.48 x 10 yp,

92 U-234
8.0 x 10" yr..

90 Yh-230
1) 186 kev - 3 3%

1622 yr.
88 Ra-226

3 83 day
86 Rn-222

3 05 minutes '

84 Po-218
1) 53 kev - 15

26.8 minutes ,

% 82 Pb-214 2) 242 kev - 7.5%
1 .

3) 352 kev - 37.6%:

't

1) 609 kev 41.2%
19.7 minutes

83 81-214
2) 1120 kev - 25 07

3) 1765 kev - 15.97,..

1.65 x 10 " see.
-

84 Po-214

Stable
82 Pb-210

i

.

!

Branching less than 1% not indicated here
.

i 1

5 Yield - g per disintegration of U-238 at equilibrium2
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888si as*Pb

Radetion Ensegy intansety Ale <ed/ Rediessen Energy Intensity Ale <ed/
Tyre (kg/) (%) Aih) Type theV) f%) gi+)

e s e ag, g Decoy (80.56 m SI f (min) = 0.10% * 8 ' 8 84 #- De-ry (4%.66 m 5) I lmen) = 0.10%
*

W Decay = S4.07 6 W- Decay = 97.84 11'
Feeds 8'8Po Feoos 8'8Po
See also 8'8Si a Decay

.

See etso 8 ' 8 Si e Decay
i
; ee-t- 1 634.06 to 0. 1 25 5 0.0017 nage r-t e.33 2.4 3 0.000s
- 6 e ge ' - E 59.7 0.13 7 0.0002.

| 3 eenk e's esitteer ee-t- 1 199.75 to 0.34 6 0.001e
; seteegn=103E7.5 tie = 0.014 co-t- 2 347.315 21 s.1 a 0.0302

co-t- 2 423.401 23 0.12 7 0.0065
''' ' ' ' ' ' ' ****I''

t- 1 een ee0 e
evg 120.1 13 1.17 5 0.0032

D- 2 was 567 4 D* 1 ser 320 10
egg 170.3 'e 0. e 3 3 0.0016 avg 90 3 1.06 10 0.0020

0- 3 sen 625 e t- 2 est 900 to
egg 190.6 14 3. e e 10 0.0100 avg 319 e 32 3 0.217 ,

D- e een 733 e t- 3 een 1127 to '

s erg 220.7 15 2.61 7 0.0127 avg 376 e 0.70 19 0.0056
t- 5 een 1519 e e- e es: 1420 to

avg - 530.7 17 0. 0 3 0.090s ave 491 e to 3 0.669
p- 6 mes 22e6 e total B-

ovg 031.6 17 et.e 3 s.05F 899 430 5 98 5 0.894
tetel e-

evg 717.3 21 64.1 5 0.979 I-ray 1 11 1.83 23 0.000s
I* Tee E*e 76.062 5 1.25 12 0.00201 week O's soitted: I*Te7 88e 79.290 5 2.10 19 0.0035E s te rgt e 129.73 E28= 0.056 t-ray R8 99.8 0.94 9 0.0018

7 1 292.89 10 0.Te 13 0.00o6
t 7 1 727.17 10 11.8 3 0.183 7 2 440.e20 20 20.0 25 0.262
9 7 2 705. e4 7 1.97 5 0.0329 7 3 659.81 to 0.148 1e 0.0021
* 7 3 993.43 9 0.652 20 0.012e ? e 607. 36 4 0. e 4 a 0.0076

7 e 952.10 10 0.313 10 0. 0 06 s v 5 1100.te 6 0. e 4 5 0.0112 e

v 6 1078.62 to 0.95 3 0.0219
7

0. ,56 0.0 ,179
1512.75 to 57
1620.62 1. 2.520 0.0 4,,

4 0'0 :'1 i ::;i''' ::n;! 8 "P on-r <4.2<-* => iimini = 0 ='

F. u 8e. ,0

2 .ee ,.e sei,,,e.,
., ie w,, = i e s. 01 r2,= 0.035 e , .3,, 5 9,. 9 96 1 17..e

e 8 8 8Po e Decay (2.98E-7 s 3) 1 (min) = 0.10% e s'*Pb # Decoy (26.5 m) 1 (min) = 0.10%
Feeds 8 ' * Bi,

e 1 0 se.90 12 100 te.71i

6ever-L e.15 10.6 15 0.0032
c o- L - 1 36.834 to 10.7 6 0.001s
co-B- 1 49.227 le 2.51 13 0.0026

e 8 8 8Si a Decoy (46.66 m 51 I(mini = 0.10% ee. sop- 1 52.2ee is 0.se 5 0.0009
%e DecW = 2.1611 n ege r-R 58.2 0.7 e 0.0000
pagg s e eig c o- t - 5 151.e55 8 5.29 is 0.0171

''''* ' '" 'See sino 8'8Bi $ Chesy 20s'.''87 7'5'. " e'' 0.'80'
**

co-E- S 6 0 0326
c o-t - 5 225.593 0 0.92 3 0.00ee

a 1 55e9 10 0.14 e 0.0169 c**B ED * 5 237.902 8 0. 2 90 9 0.0015
e 2 5870 6 2.00 11 0.250 c'* R * 12 241.395 0 9.1 6 0.0506

c o- L- 9 278.925 8 1.3e 5 0.0079
ee-5- 4 291.21e 8 0.316 11 0.0020

7 1 323.81 5 0.13 3 0.0005 ee.scr- t 294.275 8 0. 1 05 e 0.0007
| ce*t- 12 335.533 0 1.60 7 0.011e

co-P- 12 347.922 0 0.376 13 0.0028
ee-5GP-12 350.983 0 0. 1 25 5 0.0009

p- 1 een 105 12
erg 50 e 2.55 0 0.0027

D- 2 mes 490 12
| egg 145 e 0.53 6 0.0026

scow
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. . e %. . . .

Madaseen Emerey intoneity AIOved/ Radietion Energy ineenesty Afe<ed/
TySe lheV) mL aca) TySe theV) it) acm).

8'*PS r Doesy (EB m) (Continued) 0-13 see 1122 12 I f
,

1 seg 374 5 0.43 6 0.0034 1

P14 es 1151 12
P 3 ses 872 12 ave 305 $ e. e 315 0.0363avg 207 5 80. 0 -l e 0.212 e tl os 1101 12
P e ses 729 12 ave 307 5 0. 1 44 9 0.0012 '

att 221 5 42.5 12 0.20S 016 ses 1253 12 *

P S ses 1924 12 e,g e25 5 2.50 0 0.0226
! ett 337 5 6.3 20 0 0eS2 et? sa 1259 12total P ave 427 5 1.50 6 0.0136

set 210 8 100 3 0.468 Pts oss 1275 12 ')
avg ele 5 1.19 5 0.0110 ,

I-raf 1 10.0 13.5 to 0.0031 0 19 ses 1300 12
t 1 $3.226 is 1.11 6 0.0013 og e7S S 1.59 7 0. 0 H 1 g,
terey Ise 74. stet 10 6.21 23 4. m t P20 ees H23 12

,

I-re? Reg 17.1079 12 10.5 4 0.0172 avt 492 S 3.3e 23 0.0874 -

t-ret to 07.3 a. 47 10 0.0007 9-21 ses 1995 12 *

7 9 2e1.981 0 7449 21 0.0386 avg 525 5 17.7 5 0.190
0-22 eas 1927 12 8t 6 2$8.19 6 0.553 25 0.0030,3.001 og S3e S 0. 2 96 H 0.0029a v 7 214. 53 5 0.33 5

y 8 295.213 0 19.2 4 0.121 p 23 ses 1See 12
7 12 351.921 0 37.2 11 0.279 erg 529 5 17.9 5 0.206 !
? 13 462.10 20 0.17 3 0.0019 0-24 est i m 12 |
7 14 set.e2 0 0.340 20 0.0035 erg SST S 8.08 12 0.0106 ,
t 15 481.00 0 9.4e1 18 0.00e6 0-2 5 ses 1727 12
? 17 S33.69 0 0.190 15 0.0022 ave 615 S 3.38 12 0.0s 3
7 20 500.15 4 0.365 10 0. 00e 5 0-26 ses itSS 12 .
? 21 795.910 20 1.10 s 0.0103 ett 660 5 1.01 6 0.0144

,

t 22 SM.02S 15 C. 5 9 3 0.0105 P27 eas m 2 12
avg 60s S 7.06 24 0.115

9 vest 7 e soitted: 0-20 seu M S 128

57 (evg) = 200.71 2Tye 0.335 ave 726 S 6.22 6 0.0034
p-29 set 2461 12 ,

avg 1007 6 0.6 3 0.0129
P-3 0 se 3270 12

0 8 ' * Bi # Decay (10.0 m 4) 1(min) = 0.10% g, set E
F Decay = 99.979 1 a v, 632 6 100.0 24 1.35
Feeds 88*Po

~

ta Decay = E 021 1 1e eeat 8'e seitte4:i

38 (evgl e 150. 6 3 210 = 0. 36 5

seger-t 8.33 0.69 4 0.0001
co-E- 30 $14.207 5 0.69 3 0.0076 E-ray & H 0.52 6 0. m 1
co-t- 30 592.373 13 0. 1 95 4 0.0025 E-te? Ese .04 2 $ 0.360 0 0. m 4
co-t- 78 1027.182 11 0.192 12 0.00e2 I***Y "' M.2% S 0.603 20 0. m o
co-t- 9e '1322.695 e 0.385 17 0.0109 I-raf 58' 89.8 0.2H 10 0. m S

7 1 273.7 e 0.18 3 0.0010
l 7 11 307.0 3 0.37 6 0.0030

P 1 een Set 12 7 12 389.1 3 0.41 5 0.0034
aos 162 4 0.41 3 0.0014 7 15 805.74 3 0.100 11 0.001e' P 2 ear 551 12 y 16 426.5 S 0.11 3 0.0010
egg 165 4 0.211 15 0.0007 7 1e eSt.77 12 0.330 16 0.0031

0- 3 sez $75 12 y 19 e49.49 12 0. 1 33 9 0.0013
aos 173 5 P.11e 11 0.0004 7 20 474.38 10 0.110 13 0.0012

0- e ser 762 12 y 30 609.312 7 44.3 12 0.601avg 239 5 0.11 3 0.0004 7 39 665.453 22 1.57 7 0.0222
, 0- 5 see 16e 12 y es 703.11 a 0.eTe 23 0.0071
l avg 240 S 0.205 21 0.0010 7 e6 719.06 3 0.405 23 0.0042

0- 6 ser 799 12 ? S1 752.Se 3 0.133 11 0.0021erg tot S 1.07 5 0.0057 7 32 768.356 10 5. 0 a 15 0.0825P 1 ser 022 12 7 S3 706.1 a 0.32 10 0.0053
erg 26 1 5 2.81 13 0.0156 7 55 006.17e to 1.23 $ 0.0212D- 8 aos 977 12 ? ST 021.10 3 0.151 17 0.0026
erg 319 5 0.56 4 0.0030 7 41 90s.25 25 0.105 14 0.0020P 9 ses 1003 12 7 63 934.061 12 3.21 10 0.0630
ett 320 5 0.1e 5 0.0010 ? OS 964.00 3 0.389 22 0.00790*10 ear 1941 12 7 73 1951.96 3 0. 3 17 16 0.0071erg 350 S 0.33s 22 0.0025 7 15 1969.96 8 0.206 21 0.0065P-11 sen 1066 12 7 TO 1129.287 to 15.1 5 0.361avg 3S2 S 5.41 17 0.0421 7 se 1133.66 3 0.236 18 0.00620-12 ses 1977 12 ? 01 1195.190 20 1.70 7 0.0410
ott 357 5 0.09 e 0.006e ? SS 1207.4e 3 0.462 22 0.0119

scontno.es
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I. Equipment ..

) A.' Mobile in vivo counting systems for mined fission,
activation,. and corrosion products (mfacp), radium and
natural thorium.*

|
'

The detec' tors used for measuring in vivo

| depositions of afacp, radium and thorium are 8-inches in
diameter by 4-inches thick and are made from thallium
activated sodium iodide, NaI(TI). some of these
detectors use 3 each three-inch diameter photomultiplier

,

tubes for each crystal, others use a single five-inch |

diameter photo tube. The resolutio.n of the detectors is ;

g 8. 5% or better for cesium-137 when measured in an
.: eesantially scatter-free environment. The outpyt signals

from the detector are usually fed to a 256 channel

| plutse-height analyzer, although in some cases a 128
: , channel analgrer is used. Dutput from the analgter mag
! 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 speedi

I punch and an IBM computer typewriter, or on a Teletype or
: it may be recorded on a mass storage device, such as a

1 floppy disk or magnetic tape. It may be displayed in
| analog format on an oscilloscope, or it may be graphed in
j analog format on an X-Y recorder. ,

I *

' The shielding for afacp counting is the standard
,

| Helgeson Nuclear Services, Inc. "Do-It-Yourself Whole
! Body Countec" (tm). The detectcr is surrounded by 4' :i

'
| inches of lead and the subject lies in a " bathtub" 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-
8 conditioned Mobile Scientific Laboratories. Unit No. 3 ,

is 40 feet long by R-feet wide and Unit No. 4 is 30-feet'
i

r long by 8-Feet wide.

B. Mobile l'n vivo lung counting system for natural uranium,
uranium-235, americium-241, plutonium-238,9. and lead-210

, ,

i [ The detectors used for measuring lung depositions
g of these materials are a pair of 5-inch diameter " phos-.

f wich" detectors. Each detector consists of a front ent-
rance window made of 0.010-inch thick beryllium metal, a

,

| - NaI(T1) crystal which is 0.5-inches thick to which as
I optically coupled a 1.5-inch thick cesium iodide (sodium
, activated) crAstal. A single 3-inch diameter eleven

dynode photomultiplier views the light pulses from both
; I crystals. The signals from a pair of these detectors are
| ; fed in parallel to a low-noise preemplifier and then to a

'

) pluse shape discrimination net-work which separates pure
,

i Nel(T1) signals from all other signals. A measured
,

reduction of a factor of 4 in Compton Scattered

J

h
'

,

. - , . _ . - - - . . _ _ , , - - ~ . , , - , - _ . ..,.,_ _ ,.,-__., -.., ., ,-,.- , _ ._m. . _ __.-..,,,.__,_,_,__.__r,_--,.



_ __ _ __ _ __ _ _ _ _ - -

*
.

( '

2 ;

,

Background has.been obtained in the uranium-235 photopeak .

region thro, ugh the use of this system. *
..- -

3

The same analyzers and output devices described
above for afacp counting are available for the low energy
counting. The shie,1 ding for this work is a totally-.

enclosed shield with the equivalent of approximateig 3-
inches of virgin lead. This equipment is housed in Unit
No. 3, which is a 40-f oot long semi-trailer.

C. "Do-It-Yourself Whole Body Counters" (tm) for afacp
i

.

4 The "Do-It-Yourself Whole Body Counter" (tm) is
built quite similarly to the standard Helgeson Nuclear
Services, Inc. Ehadow Shield 6 thole Body Counter, i. e. , it

-

! is built on the principle of shadow shielding. The
primary difference lies in the fact that the "Do-It-Your-,

; self" detector moves over the subject, while in the
standard shadow shield the subject movas ber. math a

' stationary detector. Outwardig, the detector housings ofI either shield look quite similar. The bed of the "Do-It-
Yourself Whole Body Counter" (tm) looks like a stainless
steel bathtub which has two inches of lead in the sides
and un the bottom. Four inches of lead are uswd around
the detector.

5 ,

inch thick NaI(T1) crystal and, in most systems, a single
The detector consists of an B-inch diameter by 4-

!
[ 5-inch diameter photomultiplier tube. The electronics
> are very similar in function but ars different in
l construction. A mini-computer is used both as a logic

,

j control device as well as a multi-channel pulse height
g analyzer and multi-scaler. The computer is programmed to
k 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 data2

j to the home office at the end of his count. The data; transmission is accomplished by standard telephone lines
i between the remote site and the home office of Helgeson

Nuclear Services, Inc. in Pleasanton, California.'.

1
,

D. Home office equipment
' t 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 unlimited magnetic tape storage. Input

*

i I oay be obtained from paper tape, magnetic tape, hardj disk, floppy disk, telepho9e input via a separete message
j handling computer or by manual input from the various .

| terminals which are part of this system. Output may be'

obtained in the form of paper tape, magnetic tape, disk,4

k

i



. -

*,
,

l 'p
.

'

F 3
f
d

'

!

|?
oscilloscope,, incremontal plotter, X-Y plotter, high,

[ speed line printer, or hard and soft copy data terminals.
,.g ..s, . . . . . . . . ,, y

18 Data being received over the telephone linas from
the "Do-It-Yourself" counters are formatted by a separate
message handling computer which may be connected tg
direct link .to the main computer system or whose' output
may be obtained in paper tape, magnetic tape, or disk

.

format.j. i

5.I

y II. Calibration
'

.

A. Calibration for energy versus channel. "MeV/ channel"-

The detector and analyzer are calibrated daily for
channel versus energy using the technique of Heath,

'l described in IDO-16580. For mixed fission, activation,
!' and corrosion products, the energy calibration is ;j' determined for each count since a small americium-242
t source is attached to the side of the detector. Thus, by t

using the 59.6-kev X-ray from americium-241 at the low
,- energy end of the scale and eith'er natural potassium from

'

the subject (or detector) with an energy of 1460-kev at
ithe high' end of the scale, or another known photopeak,, ,,

such as those from cobalt-60, one has two known energies,,

. which may be used as references for a gain and zero shift
M of the data. This assures that the energy-to-pulse

, ,

! ;- height calibration matches that given -by Meath as
documented in IDO-16650. Typical calibration results !y uers within an average of 0.5 channels over, the energy

-
*

gi range of 0.06- to 2.6-MeV.,

it

G For uranium-235 counting the energy calibration'

was set using the 60-kev photopeak from americium and the
;j 156-kev ,ohotopeak from uranium-235, while for americium- |

i ' 241, plutonium-238, plutonium-239, and lead-210 the gain
j is set using the 17 and 60-kev photopeaks of americium-{ 241 as the calibration standard.+

N' F. Calibrations for determining calibration and scatter
}

'

factors, " counts per minute per nanocurie, etc."4 '

k For counting over the entire body the system was
,

7 calibrated for sensitivity to various radioisotopes byw placing up to 240 small uniform activity sources in sugar4 phantoms which ranged in weights from 27 pounds to 270i }, pounds. The sources were uniformly distributed in the '

|
phantom since it has been shown by previous work that

.-

j
h~i this distribution provides results which adequately

}reflect the results obtained with non-uniform distribu-tion, such as might be found with insoluble particulates
*

deposited in the lung. The calibration factors vary with
E body weight as do the Compton Ecatter Factors. In most

1 cases these calibration factors may be represented as the

!P
_ - _ . . _ _ _ _ -_ __ _ _-. .. -- . . _ _ - - _ - - -
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sum of two *zponential components. Appendix II lists
pertinent calibration data. All sources were verified asto th e'ir' s'treng'th by independent laboratories. who can
reference their sources. to the National Bureau of
Standards.

Calibrations for uranium-235, americtua-241,
plutonium-239, plutonium-239, thorium, and uranium-233
(with uranium-232 contamination) have been made by
distributing many sources of known activities in a )
uniform manner in a masonite phantom lung of varying |thicknesses. The uranium-235 calibrations have also been
checked by counting the lung area of the remab phantom
used by the Y-12 Plant. Union Carbide Corporation, Oak
Ridge, Tennessee. These results agree well with the
casonite calibaation results. If these types of
measurements were performed as a part of this report,
Appendit II contains the appropriate calibration data.

Americium-241, plutonium-239, plutonium-239, |
. .

thorium, and uranium-233 calibrations were performed in '

the same nanner 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.

III. Counting techniques

A. Mired fission, activation and corrosion products and .

radium-226

The counting techniques for the mobile counters
are described in the following paragraph. The counting
techniques for the "Do-It-Yourself Whole Body Counter"
vary onig slightig from that described below, the
principal difference being that the detector moves over
the sub Ject as opposed to the subject moving under the

<

detector as in the mobile systems. Another minor ;
. difference lies in the fact that the detector moves the i

same distance for every subject regardless of the height
{of the subject.
|

The shadow shield whole body counter built by
Helgeson Nuclear Services, Inc. follows closely the basic
principles of its originators, H. 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 travelsso that his feet are 4 inches on the other side of the
detector at the end of the count, 95 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

- - _ _ _ _ _ - _ _ _ - . ._ __ - -..-_-__-__L
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p. counter with the zero inch mark located 8 inches from thej, center line of the crystal. To position a person
y prope'rly *one''n'eed merely place the bottom of his feet at
'- a distance which corresponds to his height. The bedi speed is then adjusted such that the total travel time

for a given individual is in the range of 5 to 60-,,

; minutes, depending on the statistical precision desired9
I and on the degree of difficulty in measuring certain

radionuclides. For example, a radium-226 measurement
h takes at least 40-minutes. In this manner the variousy critical organs are scanned by the detector for the same ',{ percentage of the total counting time as more the |) corresponding organs in the phantom. Most counts for

afscp are for 6- to B-minutes.
.

1 ,

*i
| I All persons were counted in the supine positioni4 unless otherwise noted. The head was allowed to rest9 directig on the bed of the counter rather than being |

!

} elevated on a pillow,
'

i
In only a few facilities are people counted while,

j wearing all of their street clothing. This practice is
,

'

generally discouraged. At other facilities, however,

' l)i where the probability of personal clothing conteeination
is greater, people will be counted in paper lab coats

,

j onig. If women are to be counted in other than their
.

5 street clothing, a secor.d woman attendant would be
,;

'! requested. All disrobing would be done in privacy,
i
p All persons were to have showered af ter leaving-

a*, ;? potentially contaminated area. Helges,on Nuclear

t j|,|!
, Jects are free of external contamination.

.
Services, Inc. assumes no responsibility for ensuring
that sub

)[ D. Uranium (enriched, natural, depleted), plutonium-238 and .

ir americium-241
'MH
;- Uraniun-235, plutonium-238, 239, and americium-241

are counted in the totally shielded counter contained in,.

! Unit 3. The detectors are placed directly in contact;j- with the chest of the subject such that the detectors
. }~, . will "see" major portions of the lung. For uranium-235they are positioned such that the detector is centrally3 located between the bottom of the clavicle (collar bone): and the center line of the nipples and are a's the outer4- edges of the sternum. This usually places the top edgej of the detector about one inch below the lower edge ofthe clavicle. The normal counting time for uranium-233,j
! is 20-minutes. Natural and depleted uranium may be

,

i measured by the same method as is used for uranium-235,
i. e. , the 186-kev photopeak is used for calculating thelung burden. If information is desired en the daughteri

products protoactinium-234 and thorium-234, the 63- and
93-kev photopeaks are used. In certain circumstances,,

i

__ _. _ _ . . _ . .. . - _ - - - - - - -
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isuch as a high environmental background count is also f
r

(V made as d,iscussed in the next paragraph.
. : . ,'

I For plutonium and americium counting the det' actors !
,, are positioned such that the top edge of the detector is
I tangent to the bottom of the clavicle and the inner-edges7

of the detector are tangent to the outer edges of the.,
' ,sternum. The counting time for emericium-241 is 40- i

minutes. The counting time for plutonium is 40-minutes
a

J on the chest, with this data being recorded, followed by
a background of 40-minutes with the detectors placed ona

,

j the thighs. Additional time is required for plutonium- e

[ 238, 239 for measurements using an echoencephaeloscope to ,'i determine the chest wall thickness. The length of time .
for these measurements varies between 10-to 20-minutes..

1 Other measurements required for plutonium-239, 239, '
: americium-241 and uranium-235 are the height, weight, and,

chest circumference.
!

} Effective chest wall thickness is determined by .
' esasurement of the chest wall thickness in at least 12 .

different locations using an echoencephalscope and is
: calculated by the method of Rundo et al (Health Physics,

Vol. 17, PP 155-157, 1969) and by Dean's Empiracal*g ,
; Formula.
I

,

C. Thorium

Thorium is counted by positioning the chest of the
subject beneath the S-inch by 4-inch detector with a bed-

'

to-detector distance of 10.5-inches or 12.5 inches. The
subject is counted for 40-minutes without changing the
counting geometry of the chest and the detector,

l

I V. Sensitivity

A. Mined Fission, activation, and corrosion products and
radium-226

The sensitivity of the system is a 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
W carefully monitored at various intervals during the;: counting period. The detector-subJoct relationship is
j- normally constant at 12.5-inches between the face of the
..; crystal and the top of the bed, although this may be

changed to 10.5-inches or 14.5-inches as the need
-

q warrants. Since the presence of radioisotopes other than
r' fallout cesium-137 or naturally occurring potassium will
{t cause a rise in the apparer.t " background" due to Compton
h Scatter, the actual sensitivity varies somewhat.

Appendix III presents a Table of Minimum

;e

i

|
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q Sensitivities. If a radionuclide listed in Appendia III
'

.

is not listed in Appendit I, then it is not present in an j i

[ amoun't eg'ua'l t'o' or greater than that listed in the column
labeled "Mi p. Sen., Mc!".

m |i
'-

.' i*
, .

t

The background of the "Do-It-Yourself Wholy Body, ,,

'j Counter" is continuously being determined when a subjectb count is not being made. Every 16-minutes the current 9
'

(* background Just completed is transferred to a different ;
2

* memory location and a new background is started. This j,

h cycle is continuous. If a subject count should be ; i
'

] started before the current 16-minute period has been ;

,; completed, but after 8-minutes has elapsed since the ;
;. start of the current background, the shorter background

||.
will be saved. If less than 8-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.
,

j; B. Other radionuclides,
-

i %4

|- The sensitivities for uranium-235, . plutonium-238,
| 239, americium-241 and thorium are likewise a function of

the background, detector size, detector-sub Ject geometry,

j and the counting time. The total chest thickness as well,

" as the chest wall thickness also affect the sensitivit y
for low energy radionuclides. See the calibration data ' '

[
in Appendix II for the variation of the calibration

g' factors as a function of these parameters. Typical'

numerical values for minimum sensitivities are 30 60-

! micrograms of U-235, 1 to 3 milligrams of natural or
!

)

; depleted uranium, 4 - 50 nanocuries of Pu-238 and 239 '

(highly dependent on chest well thickness). 0.05 - O.1,

, nanocuries of Am-241 and 6 8 milligrams of natural-

i | thorium.,

V. Statistical evaluat' ions
{

,l

! A. General discussion
I

{,

j Statistical analyses of the data use standard
techniques. Random counts observed from nuclear

! R disintegrations have been shown to follow the Poisson
| L Distribution. However, for the number of counts observed

j over the typical counting times, the Poisson Distribution,

,; may be evaluated with a high degree af 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
i the total of the counts observed in channels 132 through

{.. 155, inclusive, by the counting time in minutes, or,

! 0 = (Sum of Channels 132 - 155) / T.
|
i.

N5'

_
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'(h e variance of the counting rate is equal to the long
term espected co'unting rate divided by the counting time,-

,

- or, *

'-
,

.

VAR (C) C/T=
,

Net counting rates are found from the relationship,

b
N = 0 - B,

t, Where O = Oross counting rate obtained in T minutes and
pj B = Background counting rate obtained in T(B)
8 minutes.
W

( The variance of the net counting rate is found froma
8 .'

VAR (N) VAR (C) + VAR (B),=

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

9
-

The actual amount of activity. . A. found in the subject is
i therefore obtained by dividing the not counting rate,

after correcting for Compton Scatter where necessary,- byI ~ the calibration factor, F.
o

t
. A = N/F

d
1 The variance of A is found from the relationship

VAR (A) / (AeA) = VAR (N) / (N*N) + VAR (F) / (F*F)

The asterisk, (a) is used here to signify multiplicationp
. While the slash, (/), signifies division.3
|

In most cases the variance of the calibration facter,
J VAR (F), is small compared to the variance of the subject
g data. VAR (G), and is assumed to be negligible. Thej - statistical error due to Compton Scatter from isotopes

)y which are actually present is included in the calculation
of the VAR (A). j

j

)i B. Evaluation of data For natural or depleted uranium, U- *

l- 235, Pu-238,9, Am-241
,

Prior to any data reduction the original data for
!* these radionuclides are plotted for inspection by the

,

d analyst. The data may be smoothed according to theij methods of Savitzky and Golay (Analytical Chemistry, 36,
#B, July '64, PP 1627 - 1639) for the purpose of minimiz-*

ing vandom statistical variations but preserving
photopeak structure. This helps significantly in further

, .

!!'
i
,
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evaluation of the data.

f' Mo s't 'o f 't'h e data reduction for U-235, natural
uranium, and depleted uranium utilizes the Compton
Continuum Subtraction Technique. In some circumstances a
non-linear curve-fitting routine may be used. The*

techniques used for plutonium analyses may also be
employed. See the next paragraph. |

Data reduction froE Pu-238. Pu-239, and An-241
analyses is much more involved than that for uranium y|-

analyses. The background'from the thigh count is assumed
to be representative of the background which would have
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 been 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 Savitzky and
Golay and are displayed on he oscilloscope screen in
either a linear or logarithmic presentation. The analyst
may subtract fractions of the thigh data and display the
net counting rate. Normally, 100 percent of the thigh
data are subtracted from the Jung data. In those
instances where the net counting rate is entirely

,

negative after subtracting 100 percent of the thigh data,
small amounts of the data are added back to the net
counts to obtain a graph in which approximately half of *

the net counts are positive and half are negative in the
background regions adjacent to the photopeaks of
interest. These data are then used in the Compton
Continuum Subtraction program to obtain the actual not

'

counting rate under the photopeaks of interest.

The chest wall thickness is 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 a rays is
an exponential function of the chest wall thickness, a
calculation is made to determine the average transmis-
s i on. The average chest wall thickness is b a c k-ca lc u l-
ated from this information. Thus, the 2 sigma standard
deviation is skewed due to the use of the log-normal

, distribution. A linear absorption coefficient of 1.15
| per centimeter is used for human tissue at 17-Kev. The

chest wall thickness is also calculated by the method
from Dean of Los Alamos:

THICKNESS, CM = 0.007 + 5.12* (WEIGHT, KG) / (HEIGHT, CM)

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

. - _ _ - . .. _ _ - _ - _ _ . _ . . - _ _
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. Thickness .ca =.15.3 * (Weight, kg) / (Height, cm) - 0.01
* Circumference, cm - 3.55

,

The chest wall thickness as determined by the
echoencephaelos, cope is normally used in the calculation
of the calibration factors unless it is significantly

i

different 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 i

are: '

Calibration factor, Pu-239 = 39. 48897 *e x p (0. 836646 * ct )

Ratio, Am-241 scatter in Pu-239 channels to As-241 counts
=

0.2 * exp(-0.039ect) + 0.8 * exp(-1.09*ct) '

Calibration factor, Am-241 = 1.396 a exp(0.143655 * ct)
Where et = chest thickness, centimeters.

s

.

|

1
- . __ _ - - . - _ - . . .- . - - - _ . - - - -. _ - - - - - - -



_, ___ ___ - . _ . . . . . _ . __ _ . . - _ . _ _ ___. . _.

I.

E. I-
. ,

!(
, !

t
-

|,

:h
.

|

'
. E.

'I4 m

5 * '
.

s, 7 % -

5' 5
-

%
[s 5% -

- - - - - - ----

%a % ,

% iI CURyt A FOR MATURAL ANO DEPLETCO
m

- '

UNAMlVM SASZO ON SS- ANO 93- MeV;

|g 4 PHOTOPLAMS '

! h
Na 3

1i

1
.

11

CAUSAAT104 FACTORS FOR TWO EACH S.O INCH
3 '

i OIA a I.1 WCM CSI (Nel & 0.1 INCM Mel(TI) *

FMICM PH05WCM DETECTORS
.

il

) 1.0 .

) I

I 1

65 * e>

: E1
6

;

: $ .

4

E3E CistyE a FOR 235-UAANIUM SASED OM le4-MeV
% TOPEAM

I,-
s',

%:
' ,

% %-

% %
. % N C,at

'

' 11 'P es se og is4
DEST TIRCMWESS, aICME5

|
|

|
|

. . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . . . _ . _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ . . _ . . _ ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _



W a-
-

APPENDIX IA
-.

..s. .
. , .

P... - __ - __ _ _ _ --_ - <:=. _-= = . -
. = .

_-_ = - - - - : = - -
.1m :-=_ _-- _ _ - _. - . - . _ _ - E 2 5 - __..:. .._4=_

. =-
_

-
:

. _ . . = _ _ __. . i.. _--x-- :_. -

.-_ _ . _ . . _ _ ._ _ _

__.

_ - 4- ._-
= - ~ --

tt
- - . _ _ .

._ __ _ _n __ __ - . _ .. _ _ _ _ _ ___ ._._

= __
__ .

_

_

.=.
1- ,r- .=_ n _ : _--s ._ - _.= -

. .
-

-

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

_ _ . _ _ .
.

_ __ _ _ _ _ . -

_c _ _ _ _ _ . - _ , _ _ ... _ _ . =_ : _

- r-- --j .__ _ -_,__ _. _ ._ _ g;.. . _ ._. .- .-,_
_ . . . ___ , _ _ ._ _ . . . _ __

____ : - . . _;..

_
-

= i _ _.__E-
__. __

_ _ - _ _ , - . _ . .~ ~ ~
.

! 11 L -

. __- - - - _ - = _: _t - _s
.__

:_.
_ _ = _ _ ___
.;.

. _ _ _ - + - _ - -.e, __ _ _ _ __ _.

. _ -- _
-- -

g _- --

_ . = - . _ _ _ _ - -_
__._-- ._.: -

10 _

- - ,_ _ _ ,_ _ _p__._
.

. _ __

_

___ __ _ _ _ ._.___.___

r._. -
__ __.__._;.p.

u ._ _ _ _ _
_

--_.
_ _ _ . - - = = _ . _

_ _ , _ ._
4 y

.- _ _ _ _

_ ._ ___

<-
_c % u _ __ _ ._

9 - s _ _. a_. .
__ . . _ . -

.

-

G __
-

u-
-J.=m_=.t_=__-._

- c. .

-s __ _ g==A- - - = p- ---r_. == - . _ = =
._

. . +
|. . . _ . ;x . - - - _

- =r_.__
8 TDu -

~-

- --ME=--

,
-

_ - ,
-

-

: . _ . . . . . .
_ _ , _ -__,

-v_ x- gW6._
- m_ m

--

_ - . . -

m7 tw.x_ =.'
gg u .__
- .,,-?---v. -**

:::
-

-'s _._: -

--
-

,,G -= -

-

-m .-_. _._:- --m,n 4
.. __w_ _ , ~*:_..

_

t3 6.g
---

_ _ _ _ .
,

_

n
-

_r . . _ ..u.- _2 _..:_ , __.- .___ - -
- ; __ _ . . . _ . . . _-

-- . - - s. ~
+ . _ . - . = ,

.o. =.. _ _ ._ _ - =-
_

-

== :_ .m ._.-. _: :_:. _-
g ___

- . _ -

-
- . _ ~,

- =u z%m, -:
. '

= .

u5 '' "__N' ~~ ~w -
_ _.

__ - _ s_, _ 4_ .
_ % .. _

_

<- .iy: JJ::.
-- -

. ___

4 --
. . .

@-1 DEPLETED AND. NATURAL URANIUM - +=1 E E-

-__=5__ .

,

===
=g CALIBR.ATION DATA USING:

-

i

_- . _ _
EE: Phoswich detectors, 2 each -

- ;3Egg 0.5-inch NaI(Tl) & l.5-inch CsI(Na) -- ~

Z,_;~;31 _=_2 ources in Masonite Phantom)
- =:=5= *

- - -
- - - --

--
,

ggg July, 1977 - ..=
s _

__s -_ _
_.-=

=, .
_ . ._ _ _ .

2 525
_ _ _ .

:T-Ey, . ==

iEi
__ -. -_i=. .T,E_

n _: -__~_ J' :;*

.

,

=,ru n,
_ ,- _

= =-.
I

_..

1
_ __ : t=-="r= TrhD

~--
'

\ _.-_.
.-

- -- - , =
i f-

-

= _: =_.r u = =:: :== = e --
1 -

1 ._. - . . . . .. _ . _ .
. a. . . -3..:_. =. ; '. is. . ..Ei.:
r
. . . . . . . _.

-- --m
= _ = . . _ =__ i:3.=.:c_.ai.t: a. :.l ;. :. l.in...-

p a .
_. _ .

~n- -

_. ._.

=. =. :;. ....u.=.- .=_ . i =.:. :.n. n: . .:... : ..:m =:-g . . . . ._

. m.._

_ . _ _ .- g_ . _ . _ _
4 5 b e a y la 11 14 IJ

-.

(chest thickness) *
s

I

|
i



- _ _ _

--,.. ,v,, - . . - , , , . . . -- +----------ww- -- . -- -~ . . . . ._
_

. . . . . . .
g

)
1000 = *a ,( Th-231 and Th-234 @ 90 kev_ ee*e*- e ,

, e
* e_

*

e
.,

"
e

g . -

3 I-
.S *

-

E _*

a -

w
_ e

Se
o e .e*eO- e ( U-235 @ 186 kev
% 'e**ee ,

,

'E a
,y e ~

u 100
2 ~

- eg .

* ,*g APPENDIX II ,s-
1

o e

5 Phantom "In Vivo" Spectrum from 45. 03 mg Depleted Uranium *-
,

(National Lead Sample)~

0. 5" thick x 8" dia Nal(TI) Detector .
Gain is approximately 5 kev / channel

.

_

Calthration' Factor T 6. 0 c/m per mg
Background = 337 c/nn *

" 2 e ,

S /B = 0.107 * |
*

* a
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l. BACKGROUND

-
s

, .

The Nuclear Regulatory h 4selon (NRC) requires that all of its'

licensees maintain Radiation Safety Programs that assure not only that
radiation exposure levels are kept below NRC prescribed limits, but also
that exposure levels are maintained at levels as low as are reasonably
achievable (AIARA) , which may be well below prescribed limits. The NMI

,

Radiation Safety Program is designed to satisfy both of these goals.
However, achieving the goals in actual practice requires the total
commitment of all NKI employees at all organisational levels to the program,

1 and strict adherence to all of the procedures through which the program is
! implemented.

The NNI Radiation Safety Program is comprised of four program elements. *

(1) The Radiological Work Permit Program. Radiation Work Permits
I (RWPs) identify actual and potential radiation hasards 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, Radiological Work Permits

j establish the prerequisite conditions that must be satisfied before
! operations covered by the Work Permits are allowed to begin. RWPs are3

| prepared by the Health Physics Department.
1

(2) The Radiation Surveillance Program. The Radiation Surveillance
Program is designed to assure that all operations with associated
actual or potential radiation hasards 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 letI e.tecutive

i

management. Health Physics Technicians are authorized by NMI

| management to stop any operations that fail to comply with the l

i
requirements of the governing RWPs.

1

1
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(3) The Radiation Safety Training Program. In order to achieve AIARA
obje:tives, every MMI employee at every organizational level,must fully
understand the act'2al and potential radiation hasards that, accompany
NMI research, deve.'.opment, and manufacturing operations as well as the
precautionary and protective measures that will maintain the hazard
levels ALARA. The 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

(a) that the other three programs are functioning effectivelyassures

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 philosophy.

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

l
i
i

2
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2. PURPOSE AND SCOPE OF 'MIE RADIOIDGICAL WORK PERMIT PROGRAM

.

MMI management has historically been, and continues to 'be, fullyj

coastitted to the occupational safety and health of all of its ' employees.
The cospany, therefore, fully supports NRC requirements, including its AIARA
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 AIARA 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 AIARA.

The purpose of a Radiological 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
'

radioactive materials like depleted uranium used in MMI manufacturing
processes) and to specify the mandatory protective /precauttanaryi

measures
that must be taken to assure that exposure levels are maintained as low as
is reasonably achievable (AIARA) for that operation or process. No per on

is authorized to undertake that operation or process without first fully
j complying with the conditions specified by its governing RWP.

.

i

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

i

RWPs are to be prepared for every operation or process undertakenareas.

within NMI restricted areas, even those operations / processes for which no
special precautionary measures are required. In these latter cases, the

.

RNPs may state that no precautionary measures are necessary. However, RWPs
will be issued to assure that 100% of operations within the restricted areas
are covered by RWPs.

i

3
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3. RADICIDGICAL WORK PERMITS
.

.

Radiological Work Permits (RWPs) are authorizations issued to and
signed by each person sntering into or working within NMI restricted areas.
RNPs specify the prerequisite training and the mandatory radiation safety
and 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.>

i

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

j modification, etc., work in restricted areas. Special RWPs are valid only
i for the period of time specified on the RWP.

3.1 Format and Content of Standing RWPs
i

i The format for Standing RWPs is as shown in the illustrative example
I (Figure 3-1) . Different information contained on the form is identified by

numbered circles on the samples meanings and functions of this information
are described in the paragraphs that follow.

01 ra 4 e ta t ta RWe w vr e r 4 av d r or ta a 1ta
Physics staff is included here.

4
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FIGURE 3-1

m .
EF'.1;TIVE DATE NUk:BER\ ~

-

'

PADIOLOGIC AL WORK PERMIT
V xxx YYY

I NUCLEAR METALS INC. @ PAGE SION

oF-

2z

TITLE: BILLET ASSEMBLN
'

.

~* *

Radiation Protection Procedures:

.

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 ecuipment shall be worn at all times by
individuals conductino the above operations

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

*b) . One NMI picture "whole-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.

Soecial Safety Precautienr:

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

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

i, 3). Sc:oking , eating or drinking in any restricted area is
prohibited.*

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

Accepted by: Certified by: Issued by:

aameNnme (Individual) Name - (Supervisor) (Health Physics)

Employee No. Employee No. Employee lio.
,

*
var.e ua r.e Date

.

5
1
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O2. rai is a control number that uniquely identifies the RWP. It is
divided into two groups of three digits each. The first group (xxx)
identifies the letI department for which the RWP was originally I

prepared. As examples, 520 would designate the Billet- Assembly
Department, 541 the Downstairs Machine Shop, etc. Although it may
subsequently be applied to another letI department, the tfiree digit
prefix remains the same. The next three digits (YYY) are simply a
nrial number to differentiate different RWPs issued to the same work
rea. -

O3 2n ofer - >= idie, it i- the intent of the as ita chr ic-
Department 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 pa es in the RWP
will then be identified at the top of the form in field 3

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

h he title of the RWP is entered here, which names the operation
covered. If a Standard Operating Procedure has also 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.

!

h The section " Radiation Protection Procedures" covers personal
prerequisites like the training 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.

O2. The ection s eciai safets erecaution " 9ecifies reautrement-e
tht are unique to the operation being y.orformed like the requirement
for special shielding, for the periodic submission of urine samples,
etc.

Os.: At the bottom of the RWP (or on the reverse side of the ease ifYhere is insufficient room on the front) there are provisions for three
signatures. Se 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 superviser's signature plus spaces for the date and his
esployee number. By signing the RNP, the supervisor confirms that the
employee signature is valid and that the supervisor assumes

; 6
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responsibili.ty 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 ' copies are
made. One is retained in the departmental offices 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 ENPs. Special RWPs authorize work for a

limited period of time only and antst be re-issued if the work covered by the
RWP is not completed within the period triginally specified. Should an

operation requiring a Special PNP 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 thrers 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 NKI units, with a "V" for RWPs issued to visitors and
with a "C" for contractor RWPs. Contractor organisations wil.*, also be

assigned a three digit number (like the NMI department number) t.o identify
the contractor.

Content of the Special RWPs is divided generally into four parts
(Figure 3-2). Part contains 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 r,.ccial RWPs will be five
7

!

|
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FIGURE 3-2

Radiological Work Permit
. . .

,

No. |

Submittal Date: Supervisor & Dept.:

O location: Est. Time:
'

Um
35S Description of works (use separate sheet if necessary) -
*

l 8 =O
| wS
r as cc

Personnel perforTnine work:

_ Monitoring Requirements

Q) HP Audit
WB TLD None Required Special Shielding
Wrist TLD Start of Job tJork 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 Unifom _ Leather Gloves _ Rubbers _ SCBA
_ Other _ Other _ Other _ Other _ Other ,a

8 0
Fadiation Conditions - Estimated by survey meter #i u

$ location WB (mrem /hr) Skin (mrem /hr) Ext. (mrem /hr) Wk. Time Dose (mrtm)
g WB,

g g Skin
g Ext.
E:

Sampling Results-

b Name Dose Air Concentration Urinalysis Removable Contaginationd (mrem) (uCi/1) Gug/1) d (dpm/100em ) 4=

T.>.s

Cor rnents :

1

O
Authorization - Operational Period
Pre-job conference required? YES: NO:

Name Date Name Date
Workers: Supervisor

HP Tech
HP Staff,

.

'
.

@ HP FORM NO. 91 August 26, 1983
~ ,
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working days; accordingly the requestor must anticipate this' turn-around and
file the requests sufficiently far in advance of the need date that the work
won't be delayed for want of the requisite RWP. Emergency RWPs will,
however, be processed ismediately on receipt by Health Physics. *

;

Partshnhf the Special RWP are completed by Health Physics. Part

hspecifies the mandatory protective clothing and monitoring equipment
required of all personnel undertaking the special operation covered by the
RWP. Part provides 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.

!
i

Pa rovides space for the requisite signatures to authorize the RWP
as well as spaces for the responsible persons that must accept,

responsibility for compliance with all requirements of the RWP.

Part 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
Perhftheform. Note that these may not be the same as those 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
1

) 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
:
i

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

covered by a standing or special RWP. This requirement not only applies to
MMI employees, but also to all contractors and all visitors. It is the

responsibility of cognizant NMI personnel (visitor escorts, for example) to
1

.

,

9.

i
.
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assure that this requirement is fulfilled. Mealth 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 request, as
'

well. ;
.

I
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4. RADICIDGICAL WORK PERMIT PROCEDURES
'

.

-,

Procedures for implementing the RWP System are divided into gwo 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
f

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: 'Ib assure that the proper degree of coverage is achieved in
the RWP Program, it is necessary to identify and list 09ch RWP that will be;

i
j required. This list is a dynamic list since it will be frequently up-dated
.

; as older RNPs 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 actions needed to prepare and issue the RWP are to be
completed. In 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
j the list. Typical milestone dates for each RWP include the following:
!

Radiological site survey (if required) completedo
,

j o Draft RWP completed
o QA Review of RWP completed

i

Supervisor indoctrination completedo

operations technical indoctrination completedo
i

o RWP issued and effective
.

o Date RWP is to be reviewed

f
| 11
I
;

I
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Special and emergency RWPs can be added to the list at any time. Rese
will be assigned suitable priorities to assure that they are prepared and
issued on or before the date they are needed.

,

.

Step 2 : Bealth ?hysics personnel can proceed with the preparation of,

the 15 fps assigned to them in accordance with the schedule contained en the
IBfP Master listing. Se first step in doing so will be to deters.ine if a

radiological survey of the site and/or operation in required. In

determining the need for a survey, 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
Esalth Physics Staff member will proceed to Step 3 otherwise, he may begin
draf ting the RNP, proceeding dircctly with Step 4. (Note: In preparing the

initial set of 30 fps required to set up the 30fP 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. Se master 30iP listing
!

should be annotated to flag the need fer later site / operations radiological
1 surveys.)
!

i

f Step 3: If a site survey is required, it will be accomplished as Step
I 3 in the 30fP formulation process. Note that in the case of an incident
; requiring a special 35fP (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 deteymine the type of restorative / repair
action needed. Results of the site survey (and planning meeting if

; required) are to be documented, referenced in the 35fP that is prepared
during Step 4, and filed with the 15fP in the HP Master 30fP File.

!
Step 4: Se 30fP itself is prepared during this step using the forms

described in parts 3.1 and 3.2 of this specification.

| Step 5: 30fP formulation procedures require that each 35fP 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. Sis

i 13
i

\
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; review is accomplished during step 5. Se reviswer 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 RWP 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 of the provisions of the RNP in reducing radiation hazards

ALARN the operations supervisor assumes personal responsibility for his own

compliance with the requirements of the RWP as well as compliance of

personnel under his supervision. S e supervisor retains and files a copy of

the RWP in his officer the original is returned to the Bealth Physics office

where it is kept (Step 7) in the master fils of RNPs. As each of the

preceding steps is completed, the Master RNP List is annotated to reflect

its current status.

Step 8: he operations supervisor is responsible for the execution of

this step with the assistance of a member of the Heal 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 Realth Physics Staff member is

available to explain the technical reasons behind the RNP requirements; but

only the Operations supervisor has the authority (by virtue of his

supervisory 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 presentation of both the RWP and the

associated Standard Operating Procedure (SOP) governing the operatiords)

covered by the RNP. Video tapes, where required, will be made available by

the safety Training Officer.

I
Step 9: At the conclusion of the indoctrination meeting, each I

i

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
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supervisors offices the original will be retained by the Health Physics
staff member for filing with the master copy of the RWP in the y office.
ne supervisor will also maintain, in his office, a listing of all
technicians authorized to work under each work permit over which the
supervisor has responsibility.

Steps 10 and 11: ne 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 carrelate 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 (Figure 4-2) .
Monitoring of compliance with the requirements of Standing and Special RWPs
is accomplished by MMI 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. RNP Monitoring Procedures

Step 1 (Figure 4-2) : Monitoring directions are prepared by the
j Health Physics professional staff from a review of the Standing

and Soecial 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.
.
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Steps 2 - 4: HP Technicians monitor operations of manufacturing
technicians to assess degree of compliance with requirements of
the governing MPs . Because of the responsibility and

accountability commitments made by the operations supervisors
(foremen and leahen) 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 currective action (Step 6) if the situation warrants it.
Repeated violations 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 mI employees working
in restricted areas. Such requirements may include urine

sampling, daily reading of TLDs, 1ung counts, etc. It is the

responsibility of the manufacturing technicians to observe and
comply witti these requirements. However, the personnel

RWP/ Radiation records maintained in the Health Physics central
files provide all the information necessary for monitoring
compliance with these special requirements. It is the
responsibility of the Health Physics laboratory tiochnicians 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
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Figure 4-3

RADIATION SAFETY SURVEY REPORT FORMAT
,

Name: Date; Shift4

RWP Dnployee
VIOLATION / ACTION :Number Number

.

L

9

e

6

m

O

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

18
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suspension er revocation of a technician's work permit, without which he
iwill be automatically prohibited from performing work within restricted

,areas.
-

|

'

Steps 9 - 11: The required exposure measurements are taken from

Film Badges, TLDs, PAMs, urine samples, etc., by HP I4boratory
Technicians, and the results recorded on the personnel RWP recor'ds
in the HP central files. Updated exposure levels are then

compared with the limits set by the controlling RNPs. Whenever

exposures approach, or are projected to exceed limits, the
personnel record is flagged and the Manager of the Health Physics
Department informed so he may take the necessary action with
manufacturing line management, Health services, Personnel, or
other departments as appropriate. The RNP and associated
monitoring procedures, in conjunction with the centrally

maintained RWP and Personnel Files, thus provide a closed-loop
system for assuring that all personnel exposure levels are
maintained AIARA. 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 any of the requirements and the

; remedial actions taken by letI management. Data within these two
i

centrally maintained files constitutes a basic source of input to
the RWP audit process.

b. RWP Audit Procedures (Figure 4-2)

RNP audits serve two basic purposes. He first is to assess the
ieffectiveness of the RNP program and the degree to which compliance with its

requirements is actually being achieved. he second is to identify

opportunities for further reductions in radiation exposure levels in
accordance with the letI/NRC ALARA philosophy. The RNP audit program is an

19
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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. *

i i

) i

Step 14: The Health Physics staff routinely reviews Radiation

I 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 i n 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 operat. ions they
cover. This is accomplished through the systematic auditing of

,

; operaticos and surrounding ambient radiological conditions on a |

continuous basis by members of the Health Physics professional
staff. The priodicity 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
1most 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

-20 .
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in Figure 4-1. The Survey reports will then be ' filed with the

RWPs in the RWP file far later reference and statistical analysis.

Step 17: NMI executive management is ultimately respo'nsible for
the effectiveness of RWP program in achieving NMI/NRC ALARA
objectives, through the Health Physics Department which is the RWP

Program manager. Nanagement 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 AIARA Comunittee. Contents of the progress reports may include
presentation of rat.iation exposure statistics and trends against
all outstanding RbTs , results of audits conducted during the
period, and compliance problems that may have existed. Progress

Reports may also include numbers End types of Special RWPs that
were issued, problems and suggestions requiring ALARA Conunittee
consideration and/or progress with respect to on-going Health
Physics RWP projects.

Steps 18 and 19: The ALARA Comunittee meets quarterly to 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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5. DATA PROCESSING CONSIDERATIONS,

To implement the Radiological Work Permit System, the Hoa th Physics
Department must maintain two data files which are readily accessible to the
responsible Health Physics Staff member and his staff. Se first of these

files is the RWP Master File. This file will contain master copies of all
RWPs, filed by RNP 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 File. This file is organized by
person name and contains copies of each RWP signed by that person (organized
by RNP Number where possible) and information associated with any RWP
suspensions and/or revocations. Bis file is used to assure that no employee
(or other person) exceeds NNI/NRC limits. ,

Although setting up these files will be relatively straightforward,
maintaining consistency between them will be a difficult procest., if
accomplished manually. Consistency is essential to the success of the RWP
Program in maintaining exposure levels ALARA. On the other hand,

maintaining consistency would be greatly simplified if the file maintenance
process were 'ssisted by ADP. It should be recognized, however, that totala

automation of files will not be possible because of the need to retain
authenticated signatures on RNP 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 NHI Data Processing
Department. This file will be modified to include RWP numbers for which
each person has been certified in each personnel rocord, 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.

22
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APPENDIX A

PRELIMINARY LIST OF EFFECTIVE RWPs

(30 September 1983) -

.
RWP NO. Title

422-001 Charge Prep

423-001 Chipping

520-001 Billet Assembly

521-001 Extrusion of DU Billets

523-001 saw Blanks of Depleted Uranium

523-002 Pickl4.ng of Depleted Uranium

524-001 Degreasing of Depleted Uranium

525-001 Rotary Straightening of Depleted Uranita (Meeco)

525-002 Aging of Depleted Uranium

525-003 Solutionizing of Depleted Uranium

531-001 Furnace Opening and Disassembly

531-002 Furnace Ioading

531-003 Unloading of Castings and Setting-up Molds

531-004 Crucible Burn-Out
:

531-005 Furnace Rabuilding After A Bad Pour '

i541-001 Grinding of Depleted Uranium
i

543-001 Machining of Depleted Uranium - Large Caliber - CNC Lathes

543-002 Preventive Maintenance: Mori Seiki

543-003 Preventive Maintenance J & L Iathes
.

543-034 Preventive Maintenance: Max Muller

543-005 Pre-Machining of Depleted Uranium

550-001 Packaging

. _ _ __ -
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** APPENDIX A Page 2
.

.

lefP NO. Title
"

.

560-001 Scrap Packaging

560-002 Consolidation of DU Scrap (S.O.P. No. HWD-83-00)

594-001 Preventive Mairtenance: Marvel Saw

594-002 Preventive Maintenance: Crane Inspection

595-001 Preventive Maintenance: Emptying of House Vacuum System
Drums

595-002 Filter Change (Not Requiring Entrance Into Filter House)

671-001 Inspection /QC of Depleted Uranium

852-001 Minimum Requirements For Entrance Into Restricted Area

.
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AIARA POLICY

.

I. Introduction
.

.,

'the purpose of this document is to state the policy of Nuclear i'

Metals, Inc. (NMI) with regard to maintaining occupational radiation
exposures as low as is reasonably achievable (AIARA) for all NMI
employees and visitors.

The AIARA Program at MMI has been designed to incorporate the
philosophy of NRC Regulatory Guide 8.10, Revision 1 to ensure that
radiation exposures will be kept AIARA. The management of NMI is firmly
committed to ensuring that occupational exposures are kept AIARA. All
those who work at MMI, 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 AIARA philosophy.

II. statement of Policy

All persons working at or visiting NMI shall be subject to the
rules and standards provided by MMI for radiation protection. These
rules and standards of practice at NMI shall incorporate the AIARA
philosophy. . Specifically, this philosophy, as adopted by HMI, includes
a commitment to:

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

2. Maintain radiation doses to all NMI contractors and visitors |

AIARA.

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

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

III. Organization, Personnel and Responsibilities

1. President of MMI

The President of MMI is responsible for the execution of a
Company-wide Radiation Protection Program and assures that the policies
and comunitments contained in the program are being properlyimplemented.

-1-
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2. AIARA Committee<

The responsibility to review and audit AIARA efforts of the
Radiation Protection Program is assigned to the AIARA Cocunittee. The
Constittee consists of personnel who are experienced and knowledgeable of
Sealth Physics principles, practices and procedures and who are familiar
with design features and operations of IMI which affect the potential
for exposures of personnel and the environment to radiation. The AIARA
Cossaittee is responsible to the President of MMI.

The personnel listed below will serve on the AIARA Consnittee. 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. Se AIARA Consmittee will meet at least quarterly, but more
frequently if necessary.

AIARA Consnittee Members:

1. Vice President, Health / Safety

2. Vice President, Operations

3. Vice President, Facilities;

.

4. Manager, Health and Radiation Safety

5. Manager, Human Resources

s
6. Health Physicist / Dosimetry

7. Safety Training Officer

The responsibilities and authorities of the AIARA Consnittee include
the following:

, 1. Ensuring that the NMI Radiation Protection Program to keep
radiation exposures AIARA integrates management's
philosophy and regulatory requirements and is maintainedr

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 MMI operations with regard to the AIARA 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 AIARA objectives appears to be jeopardized.

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

-2-
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5. Ensuring that the resources 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 AIARA Cosmiittee 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 involving
occupational radiation exposure hazards and the corrective
actions taken to prevent their recurrence.

3. Verification of the adequacy of AIARA 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 Cesunittee serves as a review and advisory group whose primary
function is to verify that a satisfactory AIARA 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 AIARA Cossaittee. ,

3. AIARA Cosetittee Members

a. Vice President, Health / Safety

The Vice President, Health / Safety is responsible for all regulatory
licensing applicable to MI in the area of radiation safety. He is also

I

responsible for overall administration of programs, including the
Radiation Protection Program, Occupational Safety Program and the
Environmental Surveillance Program. His responsibilities includes

i

! 1. Participating in design reviews for MI 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 MI.

4. Review safety inspection records to determine consistency
with the MI ALARA policy.

-3-
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b. Vice President, Operations
.-

The Vice President, Operations is responsible for the overall
administration of the manufacturing process and its related operations.
Bis responsibilities with respect to the AIARA Cosmiittee are as follows:

1. Participating in process reviews of 184I manufacturing and
other operations that can affect potential radiation
exposures.

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

i

3. Supporting the Manager, Health and Radiation Safety in
offective implementation of the Radiation ProtectionProgram.

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

,

c. Vice President, Pacilities "

The Vice President, Facilities ensures that criteria affecting
potential radiation exposures and radioactive contamination are
considered in the design and construction of facilities and equipment.

. With respect to the AIARA Comunittee, his responsibilities include:

1. Review of all equipment 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 AIARA
objectives and incorporate these objectives when designing,
installing or retrofitting equipment or facilities whichi
process radioactive materials.

d. Manager, Health and Radiation Safety

The Manager, Health and Radiation Safety is responsible for
implementation and optimization of the Radiation Protection Program. Heis responsible for ensuring adequate radiation protection for all NMI,

and non-MMI employeer. The Manager, Health and Radiation Safety's
responsibilities include:

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

2. Supervising, training and qualifying the radiationprotection staff under his supervision.
'
,

4
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|3. Identifying locations, operations and conditions that have 1,

the potential for causing significant exposures to
-

radiation.

4. Implementing and maintaining an adequate Radiation Exposure I

Control Program for all NHI employees and visitors.,
'5. Developing plans, procedures and methods for keeping

radiation exposures of IMI wuployees and visitors ALARA.

6. Reviewing, commenting on and recomunending changes in job
procedures to maintain occupational exposures AIARA.

7. Participating in the development and approval of Training '

Programs related to work in radiation areas or involving
radioactive materials.

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

e. Manager, Ruman Resources

The Manager, Ruman Resources is responsible for the administration
and implementation of Personnel Policies and Procedures. His
responsibilities as they relate to the AIARA Comunittee are as follows:

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

2. 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 / Dosimetry

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 AIARA Comunittee are as follows:

11. Presenting to the AIARA Comunittee the results of NMI's dose '

measurement system.

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

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

4. Reviwing and recomunending changes in standard operating
procedures to maintain occupational exposures AIARA.

-5-
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5. Participating in the development and implementation of
Training Programs related to work in radiation areas or
involving radioactive materials.

6. Conducting special investigations 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 ancompasses the initial orientetion for all MMI employees and
visitors regarding radiation safety. His responsibilities as they
relate to and support the AINE Chaunittee are as follows:

1. Development of Baployee Training Programs which entall both
introductory orientations and retraining efforts dealing
with the health protection problems associated with
radioactive materials.

2. Presenting and emphasizing the importance of estposure
reduction efforts to all employees and visitors.

i

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

.

4. Development and implementation of employee training
sessions where the ALARA concept is viewed as an attitude
and comunitment to enhanced radiation protecticn.

4. Department Managers

|

Managers of individual departments at MMI are responsible for:

1. Ensuring support for the NMI Radiation Protection Program
from all of their personnel.

2. Specifying goals and objectives for MtI operations that
incorporate the objectives of the Radiation Protection
Program.

3. Supporting the Manager, Health and Radiation Safety in
formulating and implementing the Radiation Protection
Program.!

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

4

1
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., 5. Individual IDG Employees

Each individual who performs a work assignment within a restricted
; area and who is likely to receive an occupational radiation exposurei

becomen subject to the rules and policies of the Radiation Protection
Program. Each individual is responsible to comply with 300 policy as
set forth in operating procedures, Radiation Mork Permits asd leg 's
Personnel Policy Manual.

.

IV. Training and IMtruction

A Training Program in the fundamentals of radiation protection and,

i exposure control has been established by Inc. It includes instruction! of all personnel whose duties require:

1. Work with radioactive materials.

2. Entering radiation areas.

3. Directing the activities of others who work with
radioactive asterials 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.

.o

Training sessions are held for the purpose of employee orientation.
These introductory crientations deal with the health protection problems1

associated with exposure to radioactive materials. An overview of basic
radiation safety is presented, as well as specific safety concerns
relating to work with Depleted Uranium.,

I ~

In addition to the introductory orientation, all operating
personnel are observed by their department foremen who work with
employees on a continuing basis to assure proper orientation to the
hasards of the workplace. Se 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 AIARA philosophy.

All employees are required to take part in an annual retrainingprogram. The Training Officer conducts refresher training sessions
which encompass the specific characteristics and concerns of ionising

-7-
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i radiation, the concept of AIARA as a fundamental principle of radiation
protection and how it can be Japlemented on the job. The program
discusses the proper use of change areas, ventilation and general.

contamination limits and control. Active participation of eachindividual employee is encouraged. Basic concepts of radiation
protection such as time, distance and shielding are set forb and

{

,

discussed. The employee is urged not just to view AIARA as a concept,
but rather, an attitude and a coautitment to improved radiation
protection in order to maintain exposures AIARA. -.

Training is cosamensurate 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 to implement NMI's

;policy to ensure that exposures to personnel will be as low as '

reasonably 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.

Tha Radiation Protection Program at NMI consists of a comprehensive '

set of policies and . procedures which ensure that radiation exposures |
will be kept AIARA for all MMI employees, contract personnel, visitors,'

the general public and the environment.

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

I

NMI recognises 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 radioactive materials. Its
Radiation Protection Program also includes procedures, job planning,
recordkeeping, operating philosophy, special equipment and operational
analyses.

As part of MMI's operating philosophy, MMI 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 AIARA efforts in support of operations to
| reduce radiation exposures.

-8-
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2. Surveys will be performed to obtain information with
respect to ambient radiation levels, contamination levels
and concentrations of airborne radioactive material that
might be encountered during routine operations and other
non-routine operations being performed. -

|
|3. Radiation surveys will provide favorable locatiqns for

personnel to take advantage of available shielding,
distance and other factors that affect the magnitude of the
radiation dose.

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

I

5. Reducing the levels of radiation by appropriate
decontamination methods. -

|

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

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

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

t 9. Temporary shielding will be used where practicable.
<

! 10. Portable or temporary ventilation systems will be used
where practicable.

11. 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. '
,

iDuring operations in radiation areas, adequate supervision and
ra.liation surveillance will be provided to ensure that the appropriate !
procedures are followed. iThis will include the following:

;

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

t

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

3. Se use of written procedures and verbal instructions 1

between all personnel and the Health Physics Department.

"

_9
|
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Observations, experience and data obtained during 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 analysed in order to improve equipment reliability.

3. Information gained during operations will be used as part
of a continuous 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
i by upper management to compare the incrementa3 reduction of

doses with the cost of modifications that could be made.

VI. Facility and Equipment Design Features
'

i

letI 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 achievable. When designing or
modifying equipment, the following factors will be considered:

1. Access control of radiation areas

2. Radiation shielding

3. Process instrumentation and controls

4. Control of airborne contaminants |

5. Isolation 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

-10-
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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,

'
AIARA 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
amposures to personnel to the extent practicable.

.

Specifications for equipment should reflect the objectives of the
AIARA policy, including considerations of reliability, serviceability,
limitations of internal accumulations of radioactive materials and other
features.

Replacement equi mient should reflect modifications based onl

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 the Health Physics staff with the following
i equipment and instrumentation to ensure radiation protection for NMI

personnel, MMI contractors, the general public and the environments

. 1. Counting room facilities to facilitate the qualitative and
quantitative analysis of air, soil, vegetation, water,

j urine and other necessary samples.
;

I 2. Portable instruments to detect and measure alpha, beta and
| gassia 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.

|

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

| 6. Any other ancillary equipment needed to improve the overall
'

Radiation Protection Program.

-11-
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February 17, 1984
,

6

U. S. Nuclear Regulatory Commission
Region I

631 Park Avenue
King of Prussia, PA 19406

Attention: Thomas T. Martin, Director
I

Division of Engineering
fand Technical Programs I

.

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

Gentlemen:

In response to your letter dated 17 January 1984, Nuclear Metals,
Inc. (NMI) is subnitting a revised program and format for the
performance of audits of radiological work practices. Thic revision
represents the mechanisms by which identified findings will receive
prompt management action and review. Additionally, the revised
documentation is such that 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 mind.

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

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

(2). 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
several functions. A few of these functions are listed below:

(1). 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.
Q); i W ^ <l 3 [ K ,.9

% -

2229 Main Street, Concord, Ma==achusetts 01742 (617) 369 5410



'

. o
'

..

.

!.

* U.S. Nuclear Regulatory Comunission February 17, 1984
Mr. Thomas T. Martin, Director Page 2

.

Attachment No. 2 is an avample 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 questions regarding this submission, please feel
free to contact us.

Sincerely,

v

AC M8t' d4d
Frank J. Vudbaco, Manager
Health and Radiation Safety

FJV/DJA:aj

Attachments

CC: Mr. Joseph C. Wang
U. S. Nuclear Regulatory Commission
Material Licensing Branch

Division of Fuel Cycle and Material Safety
Washington, D. C. 20555

|

|

|
,
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- hg O F. J. . J. Allardg

Q INSTRUCTIONS FOR NMI HEALTH PHYSICS STAFF AUDITS
0'

Purpose

The purpose of a Health Physics Staff f.udit is to assure, on a
rotational 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. Furthermore, 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.

Iogistics:,

Each day during the work week, a Health Physics Staff membsr shall
tour the Concord facility for a minimum of two hours. 'Ihe tour assignments,

are for one week, with Health Physics Staff members rotating on a scheduled
v basis. For one 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 H

arrange to be notified such that he/she may audit the Special RNP and
'

operation. Table I which is attached outlines areas that shall be
j sequentially audited on a rotating basis. The Health Physics Technical

Assistant will maintain all audit files and forms. s

|

| The actual audit observations shall be recorded on the NMI Health
) Physics Staff Audit Checklist. The Auditor (Health Physics Staff member) .!

s

j shall min 4==11y complete the list of items on the Audit Checklist. If 9'

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 recomunendations for corrective4

action (s) on the Audit Checklist form, (2) indicate corrective action (s)
required and a timetable for implementation on the Audit checklist form,

i (3) bring the situation to the attention of the responsible parties throagh
verbal communication, and (4) distribute the checklist copies to the .

responsible parties for appropriate action and documentation. The means by l
_ 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). }>
; -,

k m ,
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. Menos INSTRUCTIONS FOR NMI REALTH 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 resolved internally or in a timely fashion,
it shall be scheduled for review at the next meeting of the ALARA
Conunittee for disposition.

The Health Physics 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 audits,
measurements, memoranda, engineering designs, etc.) shall be attached to
the original Audit checklist.

,

s

APPROVED:
. 2N&c7 APPROVED:

'

(A. [ Gilman) g (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. Imewenstein, H. F. Sawyer,
B. E. Eveland, F. J. Vumbaco, R. P. Harding, K. Fogarty,
T. Carpenito, J. Lischinsky, A. Joseph, File
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'. TABLE I

SPECIFIED AREAS BY PROCESS FLOW FOR RADIOLOGICAL STAFF AUDITS

AREA
RWP FUMBER

(Where Applicable)

1) . ShippingandRhesiving 423-001

2). Charge Preparation 422-001

3). Foundry

a). Melting / Casting (Ordnance) 531-001, 002, 003
b). Melting / casting (comunercial) 531-001, 002, 003
c). Crucible Burn-out 531-004
d). Crucible Cleaning 531-001, 002, 003
e). Scrap Cutting: Saw 523-001
f). Furnace Rebuilding 531-005-

4). Billet Assembly / Canning 520-001

5). Extrusion: 1400 Ton Press 521-001

6) . Blank Cutting: Saw 523-001

7). Acid Pickling 532-002

8). Heat Treat

a). "D" Building Furnace (s) 525-002, 003
b). Mezzanine Furnace (s) 525-002c). Degreasing of DU 524-001

9) . Rotary Straightening 525-001

10). Machining: Max Mueller Rough Turning 543-005

11). Machining: Max Mueller Finish Turning 543-001

12). Machining: CNC Finish Turning 543-001

13). Machining: J & L Finish Turning 543-001,

14). Machining: Multi-Spindle Rough Turning 543-005

15). Machining: CAF Finish Turning

a). Dubied Lathes 543-001b). Traub Lathes 543-001c). Duap Lathes * ,
543-001

e

.
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TABLE I

SPECIFIED AREAS BY PROCESS FLOW FOR RADIOLOGICAL AUDITS
Page 2 ,

AREA RWP NUMBER
(Where Applicable)

16). Machining: Machine Shop

a). Conunercial Lathes 543-001
b). Cutting: Saw 523-001

17). Machining: Machine 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) 671-001-

Final 671-001-

b). Weld Shop
c). 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-

c). Bricketting

20). Packaging (Product) 550-001

21). Other Areas
i

a). Offices
b). Cafeteria
c). Shoe Change Areas 852 001
d). Personnel Entrance / Exit Area
e). Incher Room (s)
f) . ' Corridors'(Hallways)
g). Non-DU Processing Areas (i.e., REPS,-Superalloy, Be)

_. __ _
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e NUCLEAR METALS, INC: HEALTH PHYSICS AUDIT CHECKLIST,

Auditor: Date/ Time: LOCATION:

Bricf description of operation:

P:rsonnel Items: O.K. Facility Items: O.K.

Adherence to RWPs and SOPS Ventilation Operational
Do:imetry Equipment Function
Protective Clothing DU Waste ControlSaf0ty Glasses DU Storage
Saf.ty Shoes / Shoe Covers Sump:/DU Sludge
Smoking / Eating / Drinking Contamination Control
Rarpirator Use Survey Meters
PAM Use Signs / Alarms -

Proper Use of Equipment Air Samplers (Stationary)Contamination (Clothing / Skin) Fire Extinguishers
Changa Area / Washing / Monitoring Misc. Safety (Electrical / Mechanical)Other: Other:

Me rurement Results (if applicable):

Location Rate / Conc.( ) Est. Exposure Time Est. Exposure

Comments / Recommendations:

Planned Corrective Action (s) and Timetable:

Sign Off: I have reviewed the above and agree to the Corrective Action Plan.

(Employee) (Area Supervisor) (Auditor)
Follew-up Circle One or More Below. Date Closed: (Attach Proper Documentation)

Nons Needed By Auditor By Next HP Staff Auditor By Area SupervisorCloted Open Open Open

Engineering Control Other: i

Study Needed/Open Open
'

!Whito Copy: File Green Copy: Arek Supervisor Yellow Copy: Area Vice PresidentPink Copy A. R. Gilman Gold Copy: F. J. Vumbaco
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A'ITACHMENT No. 2
,

.. NUCLEAR METALS, INC:
HEALTH PHYSICS AUDIT CHECKLISThfj/had c'd tt /

uditor: h/ 5 I # Date/ Times r 8 LOCATION: 4! k /Prv ,!#
'

BriGf descri tion of operation: 8'M*/ M Ned/W c,Y/h sg,, [, 4/a.,,s m J Awa/ Medisd- J,
/ /7u/P # 4.2F-00/ )f f '

'

\ /POrsonnel Items 0.K. Facility Items:
O.K.

Adh;rence to RWPs and SOPS
Do31 metry Ventilation Operational N'

7 Equipment Function /* MProtective Clothing V''' DU Waste Control /vaa "# f *'' '

#
SafGty Glasses V N //1-DU StorageSaf;ty Shoes / Shoe Covers C Sumps /DU Sludge gg ~ j g g ~ V'~~

*

N//-Smoking / Eating / Drinking V Contamination ControRe:pirator Use N/A Survey Meters 846. /2. 7/ 7
7

FAM Use
W/M- Signs / AlarmsProper Use of Equipment _/ g,,,"""

Contamination (Clothing / Skin) Air Samplers (Stationary) N/,4'-y Fire Extinguishers /Change Area / Washing / Monitoring e"'''
Oth r: Misc. Safety (Electrical / Mechanical) e,. --

Other:

Meenurement Results (if applicable) : j, j, p A /d d'"'/
g

Location Rate / Conc.( ) Est. Exposure Time Est. Exposure'O $ de0.R hr $*Ahkk f **46 ) { bod' $ w gpf
he k .m hsf o. /S% A P' ) " " *

Comments / Recommendations

$rrg e*g,,-*Hfi kst a s e f t Wo1/ket'. SWUc'9''S ''|C" /4 ON ~*

/MikaN ~} Hk|Sj S s,d/A ,e f +4S (da'///* , /sceaM c'fMftNMS,7'// MA.wkodsp*< h
A

3
y e J.t. </sg.f)t ), )tA d t* ** b<t. c'S tos M Oc */*/'A*'4- Rc.h* M/e'o. ft4

, . le-/)k4'ed MS /N<AreAe/ 2k/S'fe.044 & ,GM *'d(SdAa2 A4cs - 2. _ 001 - 2., Ae/nt/ A-2 , . . Az
e

-

Plnnned Corrective Action (s) and Timetable
6

GH
|
!

SJgn Off: I have reviewed the above and ag ee to the Corrective Actio Plan.ms a +- 4,-

(Employee) (Area Supervisor) I (Auditor) (
Follow-up Circle One or More Below. Date Closed:
f % (Attach Proper Documentation)

/ Nono Needed h By Auditor By Next HP Staff Auditor
| Closed By Area Supervisor
_

j Open Open cpen
Engineering Control Other:

! Study Needed/Cpen Open
i

, Whito Copy File Green Copy: Area Supervisor Yellow Copy: Area Vice PresidentPink Capy: A. R. Gilman Gold Copy F. J. Vumbaco
_

. - _ . _ .


