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Overview

1. Radiological Environment of ISRsT Wh at weoOvVve
measured and process knowledge gained - suggest its
reasonable to assume principles of physics and
chemistry hasnot changed muc

2. Nonetheless, will discuss why we may need to revisit
process related assumptions and mature standards of HP
practice at this time

3. Apply # 1 & 2 t oi describé ew N
technical basis, what we think we know and path forward to
verify / validate
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Disclaimer

The opinions and recommendations presented herein are
exclusively those of the authors and do not necessarily
reflect the official position of the USNRC Uranium Recovery
Branch nor the views of current source material licensees or
applicants
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Examples of the NnNnHP | s

1.

Air Sampling for Long Lived Alpha Emitters T do we
have a Ami Xtur eo o1l USSR

. Solubility (metabolic) of uranium ISR products T what is the

correct airborne concentration limit (Derived Air
ConcentratonT ADACO) and appropri at
(time for clearance from lung)

. Bioassay programs for ISR products T product specific

chemistry and behavior in humans defines defines methods,
frequency, action levels

WENEQ



Exampl es of t heonard®&d | s

4, Contamination limits for release of material and
equipment to unrestricted (public) areas - are historical
limits adequately protective ?
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Radiological Environment of ISRs -
Radionuclide Mobilization*

Relatively small % of U daughter products in ore body observed
to be mobilized by lixiviant

Thorium appeared to equilibrate in circulating lixiviant and little
removed

Lead carbonate complexes relatively insoluble, little mobilized

Small % of calculated radium in host formation mobilized

IX selective for uranium i Ra follows Ca chemistry

Radon gas evolution is the primary radionuclide effluent

*Brown, S., 1982, Radioligical Aspects of Uranium 'ENEQ
Solution Mining.Uranium, 1, pp 37 -52, Elsevier —



Radionuclide Mobilization: Implications
for HP Programs

Or/wenl/ it han U and' | l'simallill amount s
other progeny ( except radon) moving forward beyond IX

First few uranium daughters growing in ( Pa 234, Th 234) take
approx. 4 months to reach equilibrium 7 just a few hrs or days
from ore In situ being packaged in steel drum

Radon gas may be released at IX/elution interface depending on
design ; progeny ingrowth controlled via local exhaust / HVAC
(much less with modern closed systems)
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Radionuclide Mobilization: Implications
for HP Programs i continued

Accordingly, fresh product in precipitation, drying and

packaging areas should have
alpha emitters

But must understand U product chemistry to ensure ALARA

Radium will typically follow calcium chemistry and be
associated with 11.e.2 byproducts ( sock / sand and similar
filtrates, tank / pipe scale, etc)
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SO: Some Current Health Physics Issues |
Why ?

Low level of activity in US U Industry during past 25 yrs

Standards of HP pr act ilceiiaiCichelinins
and therefore essentially remained unchanged

Several of the key NRC regulatory Guides that defined
Nnacceptableo HP standards of pra
assessment have therefore remained unchanged over much of this
time

As many new license applications are being prepared and
reviewed by NRC staff, some fundamental radiological
characteristics of ISRs, U Mills and associated HP practices being

questionedi That I s AHealthyo
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SO: Some Current Health Physics Issues |
Why ? - continued

However, revisions of practice should be based on:
good science
well articulated technical basis

Analysis demonstrates current practices are not
adequately protective and/or do not ensure ALARA
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Exampl e

Issue

1. Air Sampling for Long
Lived Alpha Emitters

2. Solubility (metabolic) of
uranium ISR products

3. Bioassay programs for
ISR products i solubility
and metabolism

4. Contamination limits for
release of material and
equipment to unrestricted
(public) areas

nNnOpen

Questions

Just total U OK ? Need to
consider mixture
(e.g. Th 230, Ra 226) ?

What is correct DAC in air ?
What is correct solubility class
for modern ISR peroxide
products ?

Urinalysis sufficient ?
Frequency ? Action Levels ?
Need In Vivo Lung Counting ?

Are current limits adequately
protective ?

HP

| ssueso
Staff to ISR Licensees / Applicants

Compliance Drivers

10 CFR 20.1204(f) and (g)
10 CFR 20, App B

10 CFR 20, App B
10 CFR 20.1204
10 CFR 20.1201(e)

10 CFR 20.1204; RG 8.22,
Bioassay at U Mills

Regulatory Guide 8.30, HP
Surveys @ U Recovery
Facilities and references
therein (FC 83-23; RG 1.86)
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Health Physics Issue # 1. Air Sampling For
Long Lived Alpha Emitters Recognizing ISR
Process Is Selective For Uranium

|s analysis for just natural U in air adequate or need to
consi der -@nati+xXh230+eRa 226 ? (10 CFR
20,1204(f)*; Appendix B, Table 2)

* |If any nuclide in mixture unknown, must use most restrictive DAC
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Health Physics Issue # 1. Technical Basis

Need to establish appropriate concentration limit (Derived
Air Conc. - DAC in uCi/ml)

DAC = conc. @ which continuous exposure for 2000 hrs per
yr = worker dose limit ( 5000 mrem / yr)

Currently assume all is Unat ; Th 230 and Ra 226 DACs
lower

As indicated, process knowledge suggests essentially all
U nat
May need to consideramixtureT us e nAsum of

Operators may need to characterize product or
representative air samples to validate T does some data
already exist ?
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Health Physics Issue # 1: DACs from 10 CFR
20, App B, Table 1 (uCi/ml)

D(F)* W(M)* Y(S)*
U natural 5E-10** 3E-10 2E-11
Th 230 N/A 3E-12 6E-12
Ra 226 N/A 3E-10 N/A

*Solubility Class Terminology from ICRP 19 & 30/ ICRP 66 i more next slide

FAST MODERATE SLOW

** Typically assumed to be the correct DAC for modern U recovery
products dried at low temperature ( vacuum dryers typically < 400°F)
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Solubility Classes ( ICRP 30/66)
FID 7T di ssol ut i o niiiiiniisERGN
MIWT i n Awe eldGdays)( 1 0

S/Y 1T In months or years or never
(> 100 days)
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Health Physics Issue# 11
Exclusion per 10 CFR 20.1204(g)

Can ignore contribution in mixture in air if;
Total activity determined
For any nuclide < 10 % of DAC
Sum of activities ignored < 30 % of total activity

Isotopic analysis of product or high volume air
samples can easily determine if these conditions
are met
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Current Health Physics Issue # 2:
Solubility (metabolic) of uranium ISR products

Critical for establishing worker airborne exposure limits
(DAC , e.g.), to assess internal dose and define appropriate
bioassay programs

What is solubility (metabolic T in human lung) of yellowcake
precipitated with peroxide and dried at lower temperatures ?

Critical to assess dose and chemical risk
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Why Yellowcake Solubility Characteristics
are Important 1 Inhalation Scenario

OLFACTORY ARE 7 NASOPHARYNX
CONCHAL

VESTIBULE

PULMONARY
PHAY
e e BROMCHIOLE, OS5 mm.
PULMONARY
VEIN

LUNG LOBULE .ENE‘



Simplified Uranium Metabolic Model

Naso- | " Tracheo-
Pharyngeal Broncho

Fecal
Excrement

67%
first day

67%
each day
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From NUREG 0874, Internal Dosimetry Model for Uranium (USNRC 1986) -
Replaced WASH 1251, Applications of Bioassay for Uranium (USAEC 1974)



Health Physics Issue # 2 & 31 Inhalation (Solubility)
Class of U Compounds?!' Its in the Chemistry !!

Uranium Trioxide? UO, D

Uranium Oxide U;0g W

Uranium Dioxide Uo, Wor Y3
AmmoniumDiuranate  (NH,), + U,O4 D and W4
Uranyl Peroxide? UuQ, ? Assumed D

! Table from Health Physics Manual of Good Practices For Uranium Facilities,
USDOE. EG&G i 2530 UC-41, B.L. Rich et al, 1988
2 Known to coexist as hyrdrates of form * XH,O
3Class Y if #fAhigh firedbo
4 ADU knowntocontainUO;and i s assi gn epdh absoitchd sdiinscseo |fiudti
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Doesnot Have to be al 0\
Yel |l owcakeodo and Solu\b‘\{




