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Title: Compliance Determination Procedures for Environmental Radiation
Protection Standards for Uranium Recovery Facilities - 40 CFR 190

‘ Background

Under Title 40 Code of Federal Regulations Part 190 - Subchapter F -
Radiation Protection Programs, the U.S. Environmental Protection Agency (EPA)
promulgated "Environmental Radiation Protection Standards for Nuclear
Power Operations” which provides limits for the radiation doses received
Oy members of the public in the general environment as the result of
operations which are part of the nuclear fuel cycle. Effective December 1,
1980, each uranium milling facility* shall conduct its operaticns in

such a manner to assure that the annual radiation dose equivalent of 25
millirems to the whole body, 75 millirems to the thyroid, and 25 millirems
to any other organ of any member of the public is not exceeded. However,
the dose from radon and its daughters is excluded from these doses. The .
following discussion briefly describes the Nuclear Regulatory Commission's
(NRC) program for compliance determination for uranium recovery facilities.
In April, 1980, the NRC published a proposed amendment to 10 CFR Part 20
"Envirommental Radiation Protection Standards for Nuclear Power Operations"®
and will shortly finalize this amencment which requires that a NRC

licensee shall comply with 40 CFR 180. This program is also meant to

serve as guidance for the Agreement States in their implementation of 40
CFR 190.

As il1lustrated by radiological assessments performed in the uranium

milling generic environmental impact statement (GEIS), 40 CFR 190
compliance will be achieved only by strict emission controls at the

mill. The most significant sources of emissions are the tailings
ponds/piles and the yellowcake dryer stacks.  The NRC has made strict
enission contrel a specific license condition in its licensing activities
over the past several years; and it has been an NRC requirement that
exposure 1imits be met by emission controls to the maximum extent reasonably
achievable. Such emission control requirements are contained in the

May, 1877 NRC staff position on "Tailings Management Performance Objectives®
and in the final regulations on uranium milling issued in the Federal
Register on October 3, 1580. A copy of the criteria in these regulations
covering emission controls is attached as Appendix B. Certainly land

use ‘control, e.g., expanding the buffer zone arocund a mill site, cannot
exclusively be used as a substitute for reducing actual emissions from

the variocus milling processes. The primary means of meeting exposure

1imits must be by emission contreol.

A1l uranium extraction facilities; to include mills, in-situ operations
and heap Teach facilities. .(R&D facilities are not included here since
initial assessments indicate that their size and potential radiclogical
impact are insignificant; e.g., R& in-situ operations in general have
no airborne particulate releases.)
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There are inherent problems “n accurately determining source terms,
particularly from large area sources such as the tailings impoundments.
Also, there are significant uncertainties in the atmospheric transport
models used to compute airborne radiocactivity concentrations given a
scurce term, particularly where there is irregular terrain. Therefore,
the primary means of determining compliance must be by measurements made
at the point of receptor and the procedures outlined below reflect this.
On the other hand, compliance cannot reasonably be determine/ and corrective
action taken where necessary, by inflexibly and rigidly considering

point of receptor data alone. Therefore, environmental measurements at
other locations near the mi11 and at background locations, effluent
sampling, meteorologic data, and other similar information must be
available to supplement point of receptor data. Such suppliemental
information 1s required most in cases where computed doses approach or
exceed the 1imit. Other monitoring data will be necessary, for example, -

to screen out effects of mines that may be nearby and may be contributing
to dese.

By no means will the mere assertion that.the mill operations utilize
emission controls suffice to show compliance to 40 CFR 190 exposure
limits. The licensee must provide some supportable dose assessments
based on actual environmental monitoring data which are compatible with
the procedures discussed below.

Procedure

The ultimate goal ¢f this program is to establish a standardized procedure
which will be used to assess compliance subsequent to the establishment

of each licensee's Environmental Monitoring Program (EMP). It will
realistically require as much as a year's worth of effluent and environmental
monitoring to firmly establish whether compliance exists at mills which

are close to the 1imit or where there are significant nearby sources of
radicactive emissions such as mines, which are not covered by the standard.
Much of this time will be spent on the fine tuning of the monitoring and
analysis program that is normally required in setting up such programs

Lo assure they are operating properiy and producing reliable data. It

will also take some time to scrt out the contributions being made by

other sources. This may require some shc: t-term, special environmental
measurements. Special stucdies of the efiectiveness of selected emission
control measures may be required. These evaluations may be supplemented

by computer assessments 2s needed and appropriate.

Eventually, 1t is.anticipated that concentration and dose a..ion levels
(which may even be higner than 25 millirems accounting for contributions
from other sources) will be established in combination with specific

contro]l measures and levels as the threshold for determining compliance
with the standard., This will reduce costs of impiementation, eliminate
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uncertainty on the part of the licersee, regulatory agency and the
public (particularly in cases where there are significant extraneous
sources), and assure that the need for remedial action is identified
most expeditiously if it exists.

Before environmental menitoring data is available, which is the situation

in 1icensing of new facilities or in authorizing significant modification

to existing ones, predictive models must be utilized to evaluate the

potential impacts of the prospective new. operations. Use of predictive

models, in addition to consideration of what limited environmental data

exists, s also being used by the staff in the initial 40 CFR 190 implementation
efforts in December of 1980. Predictive modeling assessments of radioactivity
concentrations to which nearby individuals may be exposed involve

making numerous assumptions and simplifications about important, but

frequently uncertain, factors such as mill releases and atmrspheric .
transport; for this reason, as discussed above, actual compliance determination
will be based on environmental monitoring data which indicate directly

what such concentrations are. Predictive models, however, are necessary

and valuable tools in evaluating what emission controls are likely

necessary, in identifying potential problem areas, and in establishing
environmental monitoring requirements.

The following describes the procedures which shall be followed in
(A) determining compliance with 40 CFR 180 based on environmental

menitoring data, and (8) assessing proposed operations in term of their
ability to meet 40 CFR 180.

A. Assessment of Actual Environmental Monitoring Data

Figure 1 - "40 CFR 190 Compiiance Determination Procedure” shows a
diagram of the various steps to be followed to ultimately assure
compliance to 40 CFR 190 for all licensing applications.

1. Each licensee shall establish an Environmental Monitoring
Program (EMP) consistent with NRC's Regulatory Guide 4.14,
"Radiological Effluent and Environmental Monitoring at Uranium
Mil1s" (April 1980). This document provides specific details
for both a pre-operational and the cperational monitoring
programs which are considered adequate by the staff to cbtain
the necessary information to be used by the Ticensee to
estimate the maximum potential annual radiation dose to any
member of the general public as a result of actually measured
mill effluent releases. In order to establish such an acceptable
EMP, each applicant/licensee shall be required to:

a. Develop an EMP and submit a plan to the NRC for review
and approval. Such a plan shall include specific details
of the number, location, collection method (i.e., equipment),
sampling frequency and an2lysis {nformation for all
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_sample types (e.g., air particulate, raion/WL, stack
samples, surface and ground waters, vegetation, food,

fish, soil, and direct radiation). For each site (1nc1ud1ng
existing mills), at least one year of site specific
meteorological data; e.g., wind speed and direction,
stability class, etc., shall be collected, summarized,

and reported. A site map, including 2all affected off-

site areas, showing each point of sample collection shall
also be provided. Participation in a Quality Assurance
Program (QAP) as described in HRC's Regulatory Guide

4.15, "Quality Assurance Programs for Radiological Monitoring
Programs (Normal Operations) -Effluent Streams and the
Environment" (February 197¢) shall also be discussed in

the EMP plan.

b. Upon NRC's review and approval, the EMP shall be added to
the 1icense and any subsequent change or modification of
the approved EMP shall require that a specific 11cense
amendment be initiated by the licensee.

¢c. The EMP plan shall provide a time schedule providing the
date when each phase of the EMP will become operational.
For new license applicants, at least one year of pre=-
operationa]l monitoring sna1| be required.  For ex1s~1ng
facilities, a realistic time schedule shall be implemented;
however, 211 phases of she EMP shall be operational
within 120 days of NRC's approval of the EMP plan.

d. The NRC's Office of Inspection and Enforcement shall
conduct periodic on-site inspections of both the actual
enyironmental monitoring systems/locations, 2s well as
a1l reports and records of such an EMP to ensure that the

actual operations of the EMP are w15h1n the approved EMP
license condition.

Each licensee shall provide an EMP report every six months, as
required in 10 CFR 40.63, "Effluent Menitoring Reporting -
Requwremen»s The report should contain the specific information
as outlined in Section 7 "Recording and Reporting Results" of
NRC's Reguiatory Guide 4.14, supra.

As a Ticense condition, each Ticense shall be required to
submit, in conjunction with its every six months EMP report
(EMPR), 1ts own 40 CFR 190 compliance assessment for NRC
reyiew and action, as described below.
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Such an assessmeﬁt shall be based on data gathered by tﬁe

Ticensee from the approved EMP as discussed above. Such

data gathering shall include a semiannual survey of land
use (i.e., residences, grazing, water wells, etc.) in the
area w* nin 8 km (5 miles) of the mill. Any difference

in land <o from that previously reported shall be discussed
and evaluated with respect to 40 CFR 190 compliance. In
order to minimize records keeping and formal reporting
requirements, while still maintaining a reasonable and
timely review of the EMP, annual averages based on the
immediate past two consecutive six month reporting periods
shall be used for the compliance assessment and reporting
requirements.

Dose evaluation using site specific input parameters
shall be completed using the standardized procedures
delineated in Attachment A - "Dcse Calculational Guidance",
which 2re based on NRC's draft Regulatory Guide RH#802-4,
"Calculational Models for Estimating Radiation Doses to
ian from Airborne Radicactive Materials Resulting from
Uranium Milling Operations". These attached tzbles are
provided to allow the rapid dose calculational assessment
of environmenta! monitoring data. Variations in specific
assumptions made in Attachment A will be considered by
the staff upon request.

As necessary, a licensee shall indicate in the report
what corrective acticn is being taken if nen-compliance
is determined. Each licensee shall complete its initial
40 CFR 190 compliance assessment and shall submit its EMP
report for NRC review and 2pproval prior to January 1,
1982; and subsequently withing 60 days after January I

and July 1 of each year thereafter, so long as the license
is active.

Once each year, the HRC shall review and complete its own
independent determination of each licensee's EMPR and 40 CFR

120 compliance assessment. Such a review shall consider the
influence of extranecus sources (e.g., mining and transportation
activities) and any anomalous data (e.g., the indication of
erroneous data generated during sample collection or sample
analysis).

a.

The NRC Project Manager (PM) shall review 211 submittals,
and shall primarily be responsible for all approvals,
Ticense amendments and verification of 40 CFR 190 compliance.
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{. Upon determination of compliance to 40 CFR 180, the
PM will document such findings via a brief Memorandum
to File (standardized form memo) for the subject
1icense within 30 days of receipt of reperts submitted
under 2(c)..

ii. Upon determination of non-compliance to 40 CFR 190,
the PM shall assure that the licensee take any
necessary corrective actions and shall issue specific
license amendments as reguired to accomplish this.

i41. The PM shall review any variance request per 40 CFR 190.11,
and shall {nitiate appropriate licensing action as
required. The EPA shall be notified whenever 2
variance is granted.

iv. The WMUR PM for 40 CFR 150 Compliance assessment
shall issue a brief annual report summarizing the
results of the individual license compliance reviews.
This report shall also consider the cumulative dose
to any member of the population due to exposure from
relezses from multipie mill facilities in the general
area. The EPA shall be provided with a copy of this
summary report for their review and comment.

w

The PM shall periodically review and evaluate the EMP, EMP
reports, ana 40 CFR 190 compliance assessments, and shall
eliminate any requirements that experience shows to be nonessential
or shall require specific actions necessary to show compliance.
For example, if the airborne concentration mezsurements show

that there is no need to continue radium-226, thorium-230, or
lead-210 analyses, then such reguirements shall be eliminated

from the EMP. Effort will be made to streamline the periodic
compliance assessment effort by prescribing specific concentration
levels which, based on experience and in combination with

other readily observable parameters related to mill operations

and local land use, could be relied upon to determine compliiance.

Predictive Modeling

Figure 2 - "NRC 40 CFR 190 Assessment of Prospective Milling Operations”
shows a diagram of the various steps to be followed by the NRC
Project Manager in licensing reviews.

1. Al existing data, e.g., scurce term, environmental monitoring
data, land use, population distribution, meteorology, etc.,
shall be gathered and reviewed by the NRC Project Manager
(PM).
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The NRC PM shall complete an independent radiological assessﬁent
to 40 CFR 190 compliance based on predictive modeling using
methodology as described in Regulatory Guide RH#802-4.

These assessments shall be documented in the Environmental
Impact Statement (EIS) or environmental appraisal conducted in
support of the licensing action. These assessments shall -
consider the cumulative dose to any member of the population
due to exposure from releases from multiple mill facilities in
the general area.
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APPENDIX A

Attachment A
-Dose Calculational Guidance

The estimated dose received by any member of the general population shall be
calculated based on the applicable potential exposure of the nearest
resident in the off-site area surrounding the mill site. The total dose
shall be the sum of the external exposure (i.e., due to radiation sources
outside the body) and of the internal exposure (i.e., radioactive materials
within the body) as follows:

1. External Radiation Exposure -

The direct radiation exposure may be assumed to be equal to
the actual personal or environmental dosimetric data less
R the appropriate background contribution.

2. Internal Radiation Exposure -

The total dose to organs (e.g., lung, bone, whole body, étc.) *
shall be evaluated based on summing all applicable human pathways,
such as:

a. Inhalation of Airborne Particulates -

The measured airberne concentration multiplied by the
dose conversion facters as given in Table A-1.

b. Ingestion of Contaminated Food and Milk -
The measured concentration in the food product multipled
by the dose conversion factor as given in Table A-2(a)
through (¢).

¢. Ingestion of Meat or Milk from Livestock Grazing on
Contaminated Vegetation -

The measured concentraticn in vegetation (e.g., grasses
in grazing areas) multiplied by the dose conversion
factor 2s given in Table A-3(a) and (b).

d. Ingestion of Contaminated Water -

The measured concentration in potable water multiplied
by the dose conversion factor as given in Table A-4,



€. Ingestion of Meat or Milk from Livestock Watered on
Contaminated Water -

The measured concentration in water used by livestock for
watering purposes multiplied by the dose conversion
factor as given in Table A-5(a) and (b).

If any of the human exposure pathways as given above are not in evidence

at a m¥11 site, then that dose contribution obvicusly does not need to

be considered here. The total dose for each critical organ shall be

obtained by summing the dose due to each radionuclide of the uranium

decay chain series (i.e., uranium, radium-225, thorium-230, lead-210,

and polonium-210) and through each pathway, i.e., inhalation plus

external exposure plus any applicable ingestion pathways. However, the

cdose due to the inhalation pathway shall be of primary concern, with the

cther pathways providing supplemental information regarding possible exposure:’
Acditionally, a thorough evaluation of background conditions must be completed
so that any contribution due to the mill operaticns (i.e., value measured at
point of receptor less applicable background level) may be adequately assessed.

The point of receptor data must be reviewed in connection with other environmental
and effluent monitoring data, and other appropriate information or assessment tools
(such as computer modelina where this may be helpful). in cases where extraneous
sources mdy cause calculated doses to exceed the 40 CFR 190 limits or where
gncmalous data may be encountered. ‘



TabTe A-1

Dose Conversion Facbors for the Inhalation of Airborne Particulates

(Mi11iRem per pCi/me)*

Whole
Radionuclide 8ody Bene Lung
U-238 4,32 78.2 158
U-234 4,22 79.5 180
Th=230 166 5250 3220
Ra-226 30.8 308 6610
Pb-210 4.36 138 772
Pe-210 0.47 1.92 420

*The S0-year dose -snn1tnent for each yvear of
exposure to 1 pCi/m® of each rad1oruc.1de for an
"adult breathing rate of 20 m3/day. Particle size

of 1.55 um AMAD (1. s » mean diameter of 1 um and
density of 2.4 g/cm”) being representative of
uranium ore. The Quality Facter for a]pha radia-
tions is 10. The total dose per organ is the
summation of doses due to each radionuclide.

(Regulatory Guide RH#802-4),
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Table A-2(b)
Dose Conversion Factors for Ingestion of Contaminated Edible Vegetation

(Mi11iRem per E%i

Radionuclide Whole Body Bone Liver ~ Kidney
U-238 2.38 E-03  4.03 E-02 0.0 8.19 E-03
U-234 2.71 E-03  4.39 E-02 0.C "1.04 £-02
Th-230 2.99 E-03 . 1.08 E-01 §.14 £-03 2.97 E-02
Ra-226 2.42 E-0 2.42 E+00 3.01 E-0 8.56 £-03
Pb-21C 2.86 E-02 8.03 £-O 2.29 E-0 6.46 E-01 °
P0-210 4.51 E-03 1.87 E-02 2.97 E-02 1.30 E-01

*The 50-year deose cormitment for each year of 1nges~won of contam1nated
edible vegetation.

A factor of 50% activ1.y reducticn throuch food preparation was
assumed, &nd an adult ingestion rate of 105 kg ¢/yr total vegetable
‘ngestion rate, 2s well as uniform concentration ;Hroughout all

vege;able types. Should data be presented as concentraticn of
edible abc.e ground vegetables, 7 potatoes, Cz, end other below
ground vegetab1es, C3; then the fOllowing weighted concentration
Cy should be used whén multiplying the zbove dcse faciors:

€, =0.38¢C, +0.38 Cz + 0.08 Cq

Table S of Regulatory Guide RM#802-4 detzils the breakdown of
vegetable consumption.
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Teble A-2(¢c)

e Conversion Factors for Ingestion of Contaminated Milk

(Mi11iRem per pCi/1)*

Ra ide Whole Body Eone Liver Kidney
U-238 5.90 E-03 9.97 E-02 0.0 2.28 E-02
U-234 6.72 E-03 1.08 E-01 0.0 2.59 E-Q2
Th-230 7.41 E-C] 2.68 E-01 1.52 E-02 7.35 E-02
Ra-226 5.98 E-01 5.88 E+00 7.46 £E-04 2.12 E-02
Pb-210 7.07 £E-02 1.99 E+00 5.68 E-01 1.60 E+00
Po-210 1.12 E-02 4.63 E-02 ©.83 E-OR2 3.28 E-01

*The 50-vear commitment for each year of ingestion of contaminated milk.
These values &re based on an adult censumption rate of 130 1iters/year.
Since children drink greater quantities, the resultant dose is much
higher for younger people.

adults.

Dose conversion factors, au before, are for

Proper dose conversion factors and milk consumption rates
for other age groups are presented in Regulatory Guide RM#80Z-4.



Table A-3 (a)
Dose Conversion Factors for Ingestion of Meat from Cattie
Grazing on Contaminated Vegetation

(Mil1iRem per E%i)'

Radionuclide Whole Body Bone Liver Kidney
U-238 6.04 E-05 1.02 £-03 0.0 2.33 E-04
U-234 SN LNt o 2.65 E-04
Th-230 4.46 E-05 1.61 £-03  9.16 E-05 4.42 E-04
-2l - 9.18 E-03 9.18 £-02  1.15 E-05 3.25 E-04
Pb-210 1.51 £-03 4.25 E-02 - 1.21 E-02 3.42 E-02
20-210 2.39 £-06 9.0 £-04  2.10 E-03 7.00 E-03

*The 50-year dose commitment for each year of ingestion of meat. The
above values are based on the following. :

i) Animal uptake of vegetation: 50 kg/day

ii) Environmental transfer coefficients: (oCﬁ/kc )

pCi/day
U-3.4x10"
Th - 2.0.x 107
M3k W0
Pb - 7.1 x 107
Po - 7.1 X 10'4

i44) Adult meat ingestion rate: 78.3 kg/year

jv) Adult ingestion dose conversion factors (see Regu1atory Guide RH#B02-4)



Dose Conversio

. Table A-3(b)
n Factors for Human Consumption

of Milk from Dairy Cows Ingesting Contaminated Yegetation

(Mil1iRem per g%i)*

Radionuclide °~ Whole Body Bone Liver Kidney
U-238 1.80 £-04  3.03 E-03 0.0 6.94 E-04
U-234 2.0 504 1N B0 0.0 7.89 E-04
Th-230 1.85 £-06  6.70 £-05  3.80 E-05  1.84 E-05 .-
Ra-226 176 602 . 1.768-01 2.20 808  6.28 E-04
Pb-210 .26 £-04 1.19E-02 5.97 E-03  9.859 E-03
Po-210 6.70 05  2.78 E-04  5.90 1.97 E-03

*The 50-vear dose ccmmitnent for each year of ingestion of milk. The
abeove values are based con the following:

i) Animal uptake of vegetation:

ii) Environmental transfer coefficients:

U-6.1x 10

Th

Ra

Pb -

Po -

i49) Adult consumption of milk:

iv) Adult ingestion dose conversion factors (see Regulatory Guide RH#802-4)

5.0 x 10-6
5.9 x 10-4
1.2 x 10-4
1.2 x 104

50 kg/day

130 Titers/year

pCi/kg
pCi/day



Table A-4
Dose Conversion Factors for Human Consumption
of Contaminated Water

Mi114R P yw
( iRem per _T_)

Radionuclide

Whole Body Bone Liver

Kidney

U-238
U-234
Th-230
Ra-226
Pb-210
Po-210

1.68 E-02
1.91 E-02
2.17 £-02
1.70 E+00
2.01 E-01
3.18 £-02

2.34 E-0
3.09 E-01
7.62 E-01
1.70 E+01
$.66 E+00
1.32 E-01

0.0
0.0
§.33 E-02
2.12 E-03

1.62 E+00

2.80 E-01

6.48 E-02
7.36 E-02
2.08 £-01
6.03 £-02
4.55 E+00
9.32 £-01

*The 50-vear dose commitment for each year of ingestion of contaminated
water. The above values 2re based on an 2verage adult consumption
rate of 370 liters/year (Regulatory Guide 1.109) and adult ingestion
dese conversion factors (Regulatory Guide RH#802-4).



. Table A-5
Dose Conversion Factors for Ingestion
of Meat from Cattle Watered on Contaminated Water

'(MilliRem per 2%1)*

Radionuclide Whole Body Bone Liver Kidney

U238 6.04 E-05  1.02 £-03 0.0 2.33 E-04
U-234 6.88 E-05  1.11 E-03 0.0 2.65 E-04
Th-230 446 E05 161 £03 916 E-05  4.42 E-04
Ra-226 9.18 €-03  9.18 £-02  1.15E-05  3.25 F-08
Pb-210 1.51 £-03  4.25 E-02  1.21 E-02  3.42 E-02
Pb-210 2.39 E-04  9.50 £-08  2.10 E-03  7.00 £-03

*The S0-year dose commitment for each vear of ingestion of meat.

The above values are based en the following:
i) Animal uptake of water: 30 1iters/day

i1) Environmental transfer coefficients: (DCi/kc )

U - 3.4 x107¢ gt
™ - 2.0 x 104
Ra - 5.1 x 1074
Pb - 7.1 x 104

Po - 7.1 x 10°4

i11) Adult meat ingestion rate of 78.3 Kg/year

"iv) Adult ingestion dose conversion factors (see Regulatory Guide RH#802-4)
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A Table A 5(b)
Dose Conversion Factors for Human Consumption
of Milk from Dairy Cows Watered on Contaminated Water

(Mi11iRem per E%i)*

E - ﬁ:&ﬁdnuc1ide Whole Body Bone Liver Kidney

| U-238 2.16 £-04  3.65 €-03 0.0 8.23 £-04

| U-234 2.46 -04  3.98 £-03 0.0 9.47 £-08
Th-230 2.22 £-06  8.03 E-05  4.56 E-0f  2.20 £<05 - '
Ra- 226 292 8-02 2.2 B-01  2.64 E-05°  7.50 E-04
Pb-210 5.09 £-04  1.43 £-02  4.09 E-03  1.15 E-02
Po-210 8.04 £-05  3.33E-04  7.08.6-04  2.36 E-03

*The 50-year dose commitment for each year of ingestion of milk.
L The above values are based on the following:

i) Dairy animal intake rate: 60 liters/day
11) Adult ingestion milk rate: 130 1iters/vear

111) Environmental transfer coefficients: (oCi/?iter)
pLi/cay

u-6.1x10%

Th - 5.0 x 10"6

Ra - 5.9 x 1074

Pb - 1.2 x 1074

Po - 1.2 x 1074

iv) Adult ingestion dose conversion factors (see Regulatory Guide RH#802-4)
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impacts of operation: and to detect potential
long term efTects.

Criterion 8—Milling operations shall be
cenducted so at all airbomne effluent
releases are reduced 10 leveis as low as is
reasonably achievable. The prunary means of
sccomplisting this shall be by means of
e=ission controls. lastitutional controls, such
43 exiending the site boundary and exclusion
ares. may be exmployed 1o ensure that ofsite
exposure limits are met, bul only after all

| practicable measures bave been laken 1o

control emissions at the source. .
Notwithstanding the exisience of individ
dose standarda, strict control of emissions is
necessary to assure that population
exposures are reduced (0 the maximum
exient ressonably achievable and to avoid
site coptamination. The grestest potential
sources of offsite radiation exposure (aside
£om redon exposure) are dusting brom dry
s-Taces of the tailings disposal ares not
covered by tailings solution and emissions
Som vellowcake drying and packaging
operations.

Checks sball be made and Jogged bourly of
all parameiers (eg. diferential pressures and
szrubber waler Jow rales) which determine
e elficiency of yellowcake siack emission
contrel equpment operation. It shall be
determined whether or not conditions are
wil uin a range prescribed o ensure that the
equipment is operaling consisienly near
peak eficiency: corrective action sball be
taken when performance is outside of
prescribed runges. ETuent control devices
shall be operative at all times during drying
anc packagiag operstions and whenever air
is exhausting from the yellowcake stack
Dryving and packaging operations sball
lerminatle when controls are inoperative
When checks indicate the equipment is not |
cperating within the range prescribed for
peak efficiency, sctions sball be taken to
resiore paramelers 1o tbe prescribed range.
When this caunot be done without sbutdown
end repairs. drying and packaging operations
shall cease as 300D s practicable.
Operstions mey not be re-started after
cessation due to off-normal periormance until
needed corrective actions have been
identifed and implemented. All such
cessationa, corrective actions. and re-starts
sbell be reported to the appropriste NRC
regional office as indicated in Criterion 8A, in
writing, within 10 days of the subsequent
restars.

To control dusting from tailings, thet
portian not cavered by slanding Liquids shall
be wetted or chemically stabilized to prevent
or rainimize blowing and dusting to the
maximum exient ressonably acaievable This
requirement may be relaxed if tailings are
eflectively sheltered from wand. such as may
be the case where they are disposed of below
grade and the tailings surface is ot exposed
10 wind. Consideration shall be given in
planning teilings disposal programs to
methods which wouid allow phased covering
and reclamation of tailings impoundments
since this will help in controlling partcuiate
and radon emissions duning operation. To
control dusting from ciffuse sources, such as
lallings and ore pads where avtomatic
controls do not apply, operators shall ceveiop
writlen operating procedures specifying the
methods of control which will be utilized

Criterion 8A=-Daily inspeclons of tailings
or waste retention sysiems shall be
conducted by & qualified engineer or scientist
and documented. The appropriate NRC
regional cffice as indicated in Appendix D of
10 CFR Part 20, or the Directar, Office of
Inspection and Enforcement, US. Nuclear

"Regulatory Commission. Washington, D.C.

20558, shall be mmediately notified of any
failure (o & tailings or wasie relention sysiem
which results in a release of tailings or waste
into unrestricted areas, and/or of any -
unusval conditions (conditions not %
contemplated in the design of the retention
sysiem) which If not correcied could Indicate
the polestial or lead to {ailure of the sysiem
and result in a release of tailings or wasie
inlo unrestricted areas.

IL Financial Criteria

Criterion S==Financial surety arrangements
shall be establisbed by each mill operator
prior to the commeacement of operations to
asswe that sufficient funds will be available
to carry out the decontamination and
decommissioning of the mill and site and for
the reclamation of any tailings or waste
disposal areas. The amount of funds 1o be
ensured by such swety errangements shall be
based on Commissron-approved cost
estimales in @ Commission-epproved plan for
(1) decontamination and decommissioning of
mill buildings and the milling site to levels
which would allow unresticted use of these
aress upon decommissioning. and (2) the
reclamation of tailings and/or waste disposal
areas in sccordance with lechzical citeria
delinested in Section | of this Appendix. The
licensee shall submit this plan in conjunction
wilh an environmental report that nddresses
the expected environmental impacts of the
milling operation, decommissioning and
tailings reclamation. and evaluates
allernatives for mitigating these impacts. The
surety shall also cover the payment of the
charge for long term surveillance and control
required by Criterion 10. 1o establishing
specific surety arrangementa, the licensee’s
cost estiznates shall take into account total
costa that would be incurred if an
indepencent contracior were hired to perform
the decommissioning and reclamation work.
In order to avoid unnecessary duplication
and expease, the Commussion may accept
financial sureties that bave been
consolidated with fnancial or surety
arrangements established to meet
requirements of other Federal or state
agencies and/or local governing bodies {or
such decommussioning. decontamination,

reclamation. and long term site surveillance .

and control. provided such arrangements are
considered adequate 10 satisfy these
requirements and that the portion of the
surety which covers Lthe decommissioning
tnd reciamation of the mill mill tailings site
and associaled areas, .nd the long lerm
funding charge is clearly identified and
commutted for use i accomplishing these
acuvities. The licensee's surety mechanism
will be reviewed annually by the Commission
to assure that sufficient funds would be
available for completion of e reclamation
plan I the work bad to be performed by aa
incependent contracior. The amount of surety
Liability shouid be adjusted 1o recognize any

increases or decreases resulting from '~
inflation. changes in engineering »!ans,
activities performed. and any ¢ _.er
conditions affecting costs. Regardless of
whether reclamation is phased through the
life of the operation or takes place at the end
of pperations. an appropriate portion of
surety liability sball be retained until final .
compliance with the reclamation planis .
determined. This will yieid » surety that is ot
least sufficient at all times to cover the cosis
of decommissioning and reclamation of the -
areas that are expecied to be disturbed = -
before the next license renewal. The term of |
the surety mechanism must be open ended.
unjess il can be demonstreied that another
arrangement would provide an equivalent
level of assurance. This assurance could be
provided with a surety instrument which is
written for a specified period of time (e.g.
five years) yet which must be sutomatically
renewed unjess the surety notifies the |
beneficiary (the Commission or the Siate
regulatory sgency) and the principal (the
licensee) some reasonable time (e.g. 50 davs)
prior to the renewal date of eir intention
pol 10 renew. 1o such a situation the surety
requirement still exists and the licensee
weuld be required 1o submit an acceptable
replacement surety within a brief penod of
time 10 allow at least 80 days for the
regulatory agency to collect |
Proof of {orfeiture must not be necssary 10
collect the surety 30 thal in the event thal the
licensee could not provide an acceptable
replacement surety within the required time,
the surety shall be sutomatically collected
prior to its expiration. The conditions |
described above would have o be clearly
stated on any sure?y instrument whick is not
open-ended, and must be agreed to by all
parties. Financial surety arrangements
generally scceplable 1o the Commission are:
(a) Surety bonds: W |
(b) Cash deposits: " S
(c) Cartificates of deposit: kol
(d) Deposits of governmer® securities:
(e) lrrevocable letiers or lines of credit an
() Combinations of the above or such oihe
types of arrangements ar may be approved |
by the Commission. However, self insurance
or any arrangement which essentially
constitutes self insurance (e.g. a contrect

. with a state or federal agency). will not

satisfy the surety requirement since this
provides no additional assurance otber than
that which already exists through license
requirements.

Critenon 10--A minimum charge of
5250,000 (1978 dollars) to cover the costs of
long term surveillance shall be paid by each
mill operator 10 the general Treasury of the
Uniled States or {0 an appropriate State
sgency prior 10 the termination of a uranium
or therium mill license. O et

If site surveillance or control reguirement
at 8 particular site are determined, on the
basis of » site-specific eveluation. 10 be
significantly greeter than those specified in
Criterion 12, (eg. if fencing is determined 1¢
be necessary) variance in funding
reguirements may be specified by the
Commission. In any case, the total charge (¢
cover the costs of iong 'erm surveillance shy
be such that. with and assumed 1 percen}
annual real interest rete, the collecied funag
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40 CFR 190 TAKES EFFECT
ORDERS [SSUED TO ALL NRC LICENSEES

NRC [SSUES REPORT
0 PRroOsSPECTIVE ASSESSMENT OF EACH FACILITY

PREVIOUS COMMITMENTS CONTINUE
0 INTERIM PERFORMANCE OBJECTIVES
0 ENVIRONMENTAL MONITORING PROGRAMS

REVISE 10 CFR 20 TO INCORPORATE 40 CFx 190



DEC. 1, “80 PHASE 1 VARIABLE PHASE 2

TIME
= > >
NRC S S
PROSPECTIVE INITIAL ONGOTHG
ASSESSMENTS ASSESSMENTS ASSESSMENTS
0 IDENTIFY L ICENSES 0 CoMPLETE POTENTIAL o InNDicATOR
POTENTIAL AMENDED BY INSTALLATION L ICENSE CONCENTRATIONS
PROBLEM ORDER - ofF EMP’s AMENDMENT With SPECIFIED
AREAS 40 CFR 190 o Sort OuT INSTITUTE OPERATING
Takes EFFECT EXTRANEOUS SIMPLIEIED CoNDITIONS
0 EsTAR' ISH CouncE ASSESSMENT IDENTIFIED As
Mo 1ToRING CONTRIBUTIONS PROCEDURE Action Levers
REQUIREMENTS
10 CFR 20 0 MeveoriosicaL Data
INCORPORATES SET CoMPLETED
10 CFR 190 o SHorRT TERM STUDIES
g AND TEsTs

o IpentiFy NEeDED
RemeniaL ConTroL

Measures, IF Any



QRDERS AMENDING LICENSES

ENVIRONMENTAL MONITORING PROGRAM
0 EsTABLISH PrROGRAM - WHERE No APPROVED PROGRAM.EXISTS
0 Mopiry ExisTING ProGrAMS - MINOR CHANGES IN Few CAsEs

0 SPECIFY SCHEDULE FOR INSTALLATION = WHERE NOT
NOW INSTALLED

INVOKE AQUALITY ASSURANCE REQUIREMENTS - R.G, 4,15

o

PERIADIC DOSE ASSESSMENTS
0 CommiT OPeraTOR To PerioDIC ASSESSMENT PROCEDURE
0 REPORTING

SPECIAL INFORMATION NEEDS
0 SHORT TERM STUDIES

0 MeTeEroLoGY - FuLL YEAR's DATA WHERe NoT CURRENTLY
AVAILABLE

0 IDENTIFY AND CHARACTERIZE ALL SIGNIFICANT MEARBY
EXTRANEOUS SOQURCES

SUPPLEMENT EXISTING DUST CONTRAL REQUIREMENTS
0 WRITTEN OPERATING PROCEDURES
0 WEEKLY INSPECTIONS



NUCLEAR REGULATORY COMMISSION REPORT

o PROSPECTIVE ASSESSMENT EACH MILL
o SUPPORTING BASIS FOR ORDERS

o CONCLUSIONS

0 ExisTING REQUIREMENTS FOR EMIssionN CoNTROL
SHouLD Assure 40 CFR 190 [s Met ATt EacH FaciLITY

o No SeeciFic AppiTioNAL CONTROL MEASURES APPEAR REQUIRED

0 ADDITIONAL [INFORMATION NEeDED AT Some MiLLS TO MAKE
Firm CONCLUSION

0 CurrReNT DATA ANOMALOUS OR INCOMPLETE
0 ScreeN Qur ExTRANEOUS SOURCES
0 UNCERTAINTY ABOUT EFFECTIVENESS OF CONTROLS



40 CFR 130

e e i e 8

o 25 MILLIREMS TU WHULE BODY AND ANY OTHER URGANS
0 REASONABLE ASSURANCE

o INCLUDES -
0 RouTINE ReLEASES FroM NorRMAL OPERATIONS
0 ANNUAL AVERAGE
0 CumuLATIVE MILL SOURCES

o EXCLUDES -
0 RADON AND UAUGHTERS
NATURAL BACKGROUND KADIATION
MINING OPERATIONS AND ASSOCIATED ACTIVITIES
TRANSPORTATION

DECOMMISSIONING AND DECONTAMINATION

ReLeases Prior To Dec. 1, 1930 AnND ASSOCIATED
GROUND CONTAMINATION




CONTROL OF SQURCES

o INTERIM TAILINGS PERFORMANCE OBJECTIVES
0 ConTrROL BLowiNg oF TAILINGS
o ALARA - 10 CFR 20
o NEPA - 10 CFR 51

o OCT, 3 - FINAL MILL REGULATIONS
0 ConTroL DusTING FRoM TAILINGS AND DIFFuUSE SOURCES
0 FLEXIBILITY IN METHODS
0 WRITTEN OPERATING PROCEDURES
0 WeEEKLY INSPECTIONS

o EMISSION CONTROL PRIMARY REQUIREMENT

0 INSTITUTIONAL CONTROL SECONDARY

0 Strict ControL OF DusTing Mecessary, As GEIS [LLUSTRATES



COMPLIANCE ASSESSMENTS

0 PHASED [MPLEMENTATION

o OBJECTIVES

0 EsTABLISH SIMPLE AND STANDARDIZED ASSESSMENT
PROCEDURES AND REPORTING REQUIREMENTS

0 Assure CONSISTENCY
0 BETWEEN MILLS
0 OVER TIME
0 ELIMINATE UNCERTAINTY
0 PUBLIC
O MILL OPERATORS
0 REGULATORY AGENCIES

O OTHER INTERESTED AGENCIES (E.G., EPA, STATE
HEALTH SERVICE)

0 FAciLITATE PROMPT IDENTIFICATION OF PROBLEMS WHERE
THEY ExIsT

0 MiniMIZE Costs AND STAFF TIME For COMPLIANCE ASSESSMENTS



40 CFR 190
COMPLIANCE DETERMINATION

o BASED PRIMARILY ON ACTUAL MONITORING DATA

0 EmpHASIS ON AIR SAMPLING AT NEAREST RESIDENCE

o PREDICTIVE RAD ASSESSMENT MODELS WILL MOT BE BASIS

0 UNCERTAINTY IN Source TERM AND ATMOSPHERIC
TRANSPORT MODELS

0 NecessArRY AND VALUABLE TooLs IN LICENSING OF
PRoSPECTIVE OPERATIONS

O IDENTIFY NEEDED CONTROL MEASURES OR
POTENTIAL PROBLEM AREAS

0 GUIDE DEVELOPMENT OF ENVIRONMENTAL
MONITORING REQUIREMENTS

0 Copes May Aip IN AcTuaL MoNI1TORING DATA INTERPRETATION



SOURCE
TERMS

Ci/YEAR

ATMOSPHERIC
_TRANSPORT

MC1/mML

-

DOSIMETRY

MILLIREM




COMPLIANCE DETERMIMNATION PROCEDURE |

ESTABLISH ENVIRONMENTAL MONITORING PROGRAM

COLLECT DATA
0 CompuTe Doses AT NeAResT RESIDENCE

0 SuBTRACT Dose CONTRIBUTION FROM EXTRANEOUS
SOURCES AND BACKGROUND

———— —— st s~

COMPARE DOSE WITH STANDARD - DETERMINE COMPLIANCE
o IpenTiFY AppiTionAL ConTROLS, !F ANY NEEDED
0 [DENTIFY FURTHER MONITORING, IF APPROPRIATE

REPORT TO NRC



FIGURE 1

40

CFR 190

COMPLIANCE DETERMINATION PROCEDURE
{(BASED ON ACTUAL ENVIRONMENTAL MONITORING DATA)

EMP
REPORTS
/ 40 CFR 180 PG~ I
el T SI———— gg&%‘;&:ﬁ% 1 COMPLIANCE
EMP DETERMINATION
F* AN DEVELOPED DATA NRC PROJECT
8\ APPLICANT/ GATHERED BY MANAGER
LICENSEE LICENSEE REVIEW
P ooy DOSES COMPLIANCE LICENSEE VARIANCES
AMENDMENT ' CALCULATED DETERMINED CORRECTIVE REVIEWED/
ACTION LICENSE
IDENTIFIED/ AMENDMENT
LICENSE
AMENDMENT
EMP REPORT
OPERATIONAL SUBMITTED
IGE DOCUMENTATION
INSPECTION IN ANNUAL

REPORT




ONGOING COMPLIANCE
DETERMINATION - PHASE 2

o SIMPLE, STANDARDIZED PROCEDURE

o POINT OF RECEPTOR CONCENTRATION OR DOSE ACTION
LEVELS ESTABLISHED

0 BaseD ON PHASE 1 MonNITORING AND ANALYSIS
0 May Be HigHER THAN 25 MILLIREM

0 ComBINED WiTH PrescrIBeD CoNTROL MEASURES
0

No StenIFIcANT CHANGES IN LocaL LAND Use
IR NEARBY ACTIVITIES

——y e TV s —

| e ——

o SIMPLIFIED PROGRAM IMPLEMENTED THROUGH LICENSE AMENDMENTS



o COMPLETE INSTALLATION OF EMP’S
0o FiINe TunING
0 0NuaLiTy Assurance - R.G, 4,15

o SORT NUT EXTRANEOUS SOURCE COMTRIBUTION

0 IDENTIFY MINING AREAS, ORE STORAGE PADS,
TRANSPORTATION RouTes, Erc,

ESTABLISH SUPPLEMENTAL AIR PARTICULATE SAMPLING STATION

0 SHORT TERM SAMPLING
0 LIMITED ANALYSIS

0 CORRELATION OF MeTEROLOGICAL DATA

o RE-EVALUATION OF DOSE ESTIMATES - ESTABLISH SIMPLIFIED
CONCENTRATION OR DOSE ACTION LEVELS



REPORTING REQUIRFMENTS

ROUTINE REPORTING

0 IN ReG Guipe
4,14 FormaT

0o Meerine WMUR
COMPLIANCE
DETERMINATION
PROCEDURE

NON-COMPLIANCE REPORTING

0 PursuanT To
10 CFR 20

PHASE 1

PHASE 2

QUARTERLY
(60 pDAYS AFTER
QUARTER END)

NONE

SEMI ANNUALLY

(60 DAYS AFTER

1 JuLy anp 1 Jan)
10 CFR 40,65

30 DAYS AFTER
DETERMINATION



REGULATORY GUIDANCE

ENVIRONMENTAL MONITORING PROGRAM - R.G. 4,14

AUALITY ASSURANCE - R.G, 4,15

DOSE CALCULATIONS - R.5, 302-4

MILDOS CODE USER’S MANUAL
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TOTAL

MILDOS COMPUTER CUDE GENERATED 50-YEAR DOSE
COMMITMENTS (in mrem) FROM TYPICAL MILL

WHOLE B80DY

t Exposure Pathway

Inhaiation 0.173
External Gamma 0.008
tion Exposure Pathway

Vegetable Intake (1) 2.713
Meat Intake (2) 1.40

2.38

i
o
=

fe=r

§.2)
0.005

17.50

31.3

0.008 .

0.713

Vegetables are assumed to be grown in lecal gardens and
the nearest res’dent” 15 assumed to consume only such

vegetabies.

Meat ingestion was assumed %o be from lccally grazed lTivestock.

et ——.




ACTUAL ENVIRONMENTAL MONITORING
PROGRAM DATA FOR A TYPICAL MILL

LOCATION ANNUAL AVERAGE 50-YEAR DOSE COMMITMENT
_ CONCENTRATION (in mrem)
pCi/m3 Whole
Body Bone Lung
Qff-Site U-nat. = 0.0142 0.0656 $:13 2.40
Nearest Ra-226 = 0.0080 0.247 2.47 §2.9
Residence - S Th-230 = 0,0085 1.41 $0.6 27 .8
Pb-210 = 0.0536 0.234 7.24 41.4
TOTAL = 1,96 61.4 124
Off-Site
Nearest o
Residence - N U-nat. = 0,0084 0.0388 0.667 1.88
Ra-226 = 00,0052 0.161 1.61 34 .4
The230 = 0,0031 0.518 18.4 9.98
Pb«210 = 0,0460 0.201 6.21 35.5

TOTAL = 0.915 26.9 81.3



DOSC CONVERSION FACTORS FOR THE INHALATION OF
AIRBORNE PARTICULATES (Mi11iRem per pCi/m3)*

Whole

Radionuclide Body Bone Lung
U-238 4.32 79.2 158
U-234 4.92 79.% 180
U-natural 4.62 79.4 169
Th-230 166 5950 3220
Ra-226 30.9 309 6110
Pb-210 4.36 135 772
Pq-ZYO 0.47 1.92 420

*The 50-§ear dose commitment for each year of exposure to
1 pCi/m? of each radionucl de for an adult breathing rate
of 20 m3/day. Particle size of 1.55 um AMAD (i.e., mean
diameter of 1 um and density of 2.4 g/cm3) being representative
of uranium ore. The Quality Factor for alpha radiations is 10.
The total dose per organ is the summation of doses due to each
radionuclide. (Regulatory Guide RH#802-4).



EXAMPLE EMP MODIFICATIONS

INVENTORY OF SOURCES

o Ipentiry MiINING AReas, ORe SToraGe Paps,
TRANSPORTATION ROUTES, ETC.

ESTABLISH SUPPLEMENTAL AIR PARTICULATE SAMPLING STATION
0 SHORT TERM SAMPLING
0 LIMITED ANALYSIS
0 CORRELATION OF METEORLOGICAL DATA

REVIEW DATA

RE-EVALUATION OF DOSE ESTIMATES
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Facility

1

10

1

12

13

14

PRELIMINARY DATA

COMPOSITE S50-YEAR DOSE COMMITMENTS TO THE INDIVIDUAL RECEIVING
MAXIMUM EXPOSURE, FOR ONE YEAR, FOR EACH MILLING FACILITY

Composite Dose

Commitments, mrem
Whole
Body ~ Bone  Lung
2.4 74.8 34.6
.486 6.14 .782
1.22 15.0 6.83
.799 17.8 2.3
2.3 16.0 3.22
.0081 .0831 .038
1.58 2.7 9.2
.94 14.5 9.34
' .709 10.4 5.38
1.57 8.98 8.09
1.96 45.0* 61.1*.
0.97 1.81 12.4
.08 .34 .28
2.0 11.8 24.2

Date and
Method of
Dose Prediction

January 1979,.
UDAD and HERMES
Codes

July 1979,
MILDOS Code

September 1980,
MILDOS Code

September 1980
MILDOS Code

May 1979, UDAD
Code

July 1979, MILDOS

Code

September 1980,
MILDOS Code

September 1980,
MILDOS Code

September 1980.
MILDOS Code

July 1979, UDAD
Code

September 1930+,
MILDOS Code

July 1980, MILCOS

Code

February 1979, UDAD

and HERMES Codes

February 1980, UDAD

and HERMES Codes

*Hased on overestimate of source terms in initial computer run.

at least 50% reduction in estimated levels.

Reference

FES NUREG-0453
Table 4.4

IEA Table 4
(REF #4)
Appendix 6

Appendfx 2
FES NUREG-0556

Table 4.6

Appendix 6
Appendix 1
Appendix 3
Appendix 4

FES NUREG-0583,
Table 4.5

-

Appendix 5
FES NUREG-0702
Table 4.6

FES NUREG-0532,
Table 4.2

FES NUREG-0639
Table 4.9

Being rerun; expect



PRELIMINARY DATA

DIRECT EXPOSURE AND INGESTION EXPOSURE PATHWAYS
DOSE COMMITMENTS FOR EACH MILLING FACILITY

Location of Individual

Direct Exposure
Dose Commitment, mrem

- Receiving Maximum Who'le
Factlity Direct Exposure Dose Body Bone Lung

1 8 km E 2.0 74.4 29.6

2 716 km NE .020 .373 .316
3 4.3 km NE 107 3.26 §.72
4 .55 km WNW A8 115 21.9

5 4.5 km NNE 1.03 1.99 1.88
6 35 km NE .0021 007N .032
7 3.1 ENE 179 §.22 7.79
8 4.8 km E 176 5.24 8.6

9 3.2 km § 0N 2. 4,73
10 5.6 km N .830 4.3 7.35
n 2.5 km NW 1.1 34.3* 60.2*
12 8.7 km NE .03 .65 .87
13 10 km N .06 - .08 .26
14 2 km N Unavailable

*Based on overestimate of source terms in {initial computer run,

at least 50% reduction in estimated levels.

Ingestion Exposure

Location Dose Commitment, mres
Corresponding ¢ ia s

to Maximum Whole

Ingestion Dose Body Bone Lung
Grazing 2.7 km .4 4 5.0
SE-Meat

Veg.+Grazing 466 5.77 .466
1.4 km NE-Meat :

Grazing, .S km 1.11 11.7 $.1%
W

Grazing 1.24 km .378 4.7 378
NE-Meat

4.5 km NNE-Veg + 1.34 14.0 1.34
1.9 km N-Meat 5

Grazing 2.5 km .006 .076 .006
NE-Meat

Grazing 1.9 km 1.8 17.8 B |
NE-Meat

Grazing 1.81 km

NNW-Meat .738 9.21 .738
Grazing 1.68 km .618 7.65 618
NE-Meat

4.2 km .738 7.67 .738
SSW Meat + Veg

Grazing .4 km SE  .852 10.7* .852
Veg. + 1.4 km 0.94 11.7 0.9%
ENE-Meat

Veg. + 13 km .02 28 .02
NW-Meat

Veg. + grazing Unavailable

2.7 km ENE-Meat

Being rerun; expect



Cl=ly

Jame 2
OPERATIONAL SADIGLOGICAL MOMIIORING PROGRAN |OR URANIUM MILLS

Iype of Sample Sample Collectlon Sample Amalysis
Type of
ot Puondier Lecatlion Hethod frequency Fraguency Analysis
STAZKS .
Particulates One for Yellowcake dryer Isckinetic Quarterily Ezch sasple Raturs! wraniwa,
sach slack and pachaging stack(s) Th-230, Ra-226, and
PL-210 If not availl-
asble from other sources.
Measure stack flow rate
semlannually.
Particulates Gns for Other stacks fepresenta- Seslannually Each sample Hatural wanium
each stack tive grab Th-230, Ra-226, and
PL-210. Heasure stack
flow.
AlR
Particulates Thrde lecations at or mear Mlm“' Weekly filter change, Quarterly cospesite, Hatural wanius,
the site boundaries and or sore frequentiy as by lecatlon, of Ra-226, 1h-230,
in difforenl sectors required by dust weekly uq‘u ead Ph-2106
thal have the highest leading
predicled conceslira-
tions of alrhsu
particulates(d)
Gae or Al the nearest resi- Coal lnusus Weekly fliter change, Quarterly compesite, Katural vranium,
more dence{s) or occuplabie or more frequently by locatlon, of Ra-226, 1u-2)0,
structure(s) as required by dust weekly sasples and Pb-210
lsading
One Control lunlu(s)“) Cent lnuous Weekly filter change, Quarterily composite, Natural wanlua,
or more frequently by lecatlen, of Ba-226, Th-238,
as requlred by dust weekly samples and Pb-210
leading
fadon Gas Flve or Same locations as for Coat inuous AL leasl see week per Honthly Ra-222
motre air particulates or sl least calendar menth repre-
ona weak (4) sent lug approxisately .
per moulh the same period esach
senth
AR
Ground Water Thres or liydreloglically dowa Grab Moathly (first year) Hoathly (first year) Blssolved natural
sore gradient and rela- ,ururly {after Quarterly (after first wraniue, Ra-226,
tively clese Lo ihe N irst year) year) Th-230, a-‘u.
tallings impoundment and Po-210(e
AL least Molzlully p Grab Quarterly Quarterly Blsselved natural
one Cen- rodle (Lo, nat uranium, Ra-226,
trol sasple af luenced by seepage Th-210, PL-210
and Pe-210

from tallings)



JABLE 2 (Coal inued)
OPE AT IGHAL BADIOLOGEITAL MOMITORING PROGKAL [OR LRANIUM HILLS

lype of Saspis Sasple Collection Sasple Analysis
Type of
AL e __Msdier e tocatieon W thod frequency frequeacy Analysls
One froa fach well used for JGrab Quarterly Quarterly Bissolved and
aech well drinking water or suspended natural
watering of live- uranfwa, Ra-228,
stock or crops within Th-238, Pb-218,
2 bm of the tailings and Po-210
impouncent
Surface Water Twe from Surface walters passing Grab Quarterly Quarteriy Blssolved and
each waler through the uii) site suspended nalural
bady or offsite surface uranfus, Ma-226,
waters that are sulfl- Th-238, PMh-2)0,
clenlly close te Lhe and Po-210(8
site te be subject Lo
surface dralnage from
potentially contaei-
nated areas or iLhat
could be influenced by
secpage from the tajl-
ings disposal area. ()
. One sample collecied up-
'f; stream of mii] site and
A one sample collected at
e the downslireas site
boundary or at a leca-
tien lesediately down-
stream of locatlon of
petential influence
One froa Large vater lspound- Grab Quarterly Quarterly Bissolved and
each waler ments (1. e., lakes, suspended natural
body reserveirs) near the uranfum, Ra-226,
mill site that are "t 230, Pb-210,
sufficiently ciese and Pe-210
Lo ths site to be sub-
Ject le dralnage froma
potentlally centaminaied
areas or that could be
influenced by seepage
from the tallings
disposal area.
VEGETATION, FOOD,
ARD FESH |
Vegetat ion (o) Ihree or From animal grazing Grab Three tises during fach sample Ra-226 and Pb-210
or Forage more areas near the alll grazing seasen .

site ia the direction of
the highest predicted
alrborne radionucllde
concentrations
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TAME 2 (Cont inued)
OPERATIONAL RADIOLOGICAL MOMITORING PROGRAH FOR URANIUM MILLS

Iype of Saaple Saaple Collection Sample Analysis
Type of
St Homdoer location Hethed frequency frequency Analysis
teod Theee of Crops, llveslock, elc. Grab Time of harvest Oice Ra-226 and
each lype ralsed withia 3 ka of or slaughler re-210
uill site
fFlsh Each bedy Colleclion of fish Grab Semlannually Twice Ra-226
of raler (! any) from lakes, and Pb-218
rivers, and sireams
ia the site envirens
thal say be subject
te seepage or direct
surface runclf frea
poleatially contasi-
naled areas or that
could be affecled by
a tallt iopound-
sent fallure
SOIL AD SEDIMENT
Seil Flve ar Same as for Grab Annually Annually Hatural uraniue
more alr partic- ) Ra-226, and l'b-ill
ulate samples
Sedimeal One or Sase as surface frab Annually : Annually . Matwral uraalus,
twe from waler sasples(®) Th-230, Ra-226,
each waler and PL-210
bedy
DIRECT RABIATION Flve or Sane as for alr Cent inuous Quarteriy clnr Quarterly Gamsa expesure
sore particulate samples passive in- of passive dosia- rate
tegrating elers

device



focinotes fer Tables | and 2:

(a)
(v)
(<)

(d)
{e)

)

(y)
(k)

1)
n

(x)
(L]

(=)
{n)

(o)

Cont Inueus collection seans contlinueus sampler operation with filter change weekly or 3s required by dust loading, whichever is sere frequent.
Ihe ters “nearesl® as used hers means Lhe location wilh the highest predicted alrborne radionuc)ide concentrations during miiling operations.
Care should be taten In selection of the control sawpling locatlen se that it Is representative of the site conditlions. In general, a loce-
tien in Lhe least prevalent wind direction froe the site should provide a sultable location for a cosivel saspling site.

Varlous matheds are acceptable; for example: (1) Continueus collectiion of a gaseous alr sampls wilth samples belng changed aboul every

48 howrs for & 1-week perlod or {2) continuous sampling.

Il the sample contalas appreciable & saterfal, (¢t should be flltered as soon as possible fellowing celleclion through a mesbrane
fllter and the filirate acidified o hydrochleric acld.

Ihe locatlen of the grouad water saapliing wells should be determined by a hydrelogical analysls ef the polential movement of scepage from
the tallings disposal area. Ia gemeral, the ebjective Is ta plece sonitor wells In all directions around lhe tallings area wilh the esphasis

on Lhe down gradieal locatloeas.

Surface-water sasples 1o be analyred fer dissolved and suipended fiacllons should be filtered as sosn as pessible fellowing collectien

thiough a sesbrana fliler and the fillrate acidified to IX hydrochloric acid.

watural drainage systess (dry washes) Lhat carry surface "unofl from the site fellowing a precipitation event should be sampled following

the evenl bul at s frequency notl greater than sanlhly. :

The milling ares refers Lo the area that includes ore storage pads, mili bulldings, and ether processing areas.

‘l:..'--zu.;?uul doslneters should contala tws or mere chips or elhervise provide for twe rgadings per expesure peried {see Reguiatory
de 4. b

Surface soll samples should be collected using a consistent lechalque to a deplh of § cm.

S‘b:or:uc soil profile samples should Le collecled e a depth of one meler. Samples should be divided Inte three equal secilons for

analysis.

Several samples should be cellected at sach locailen and composited fer a representalive saspla.

Radon exhalation seasursmenis should nol be takea during perlods when the greund s frozea or covered wilh lce or snow or following
periods of raln. 1L Is recomsended thal these smeasuresenls be Laken In Lhe spring through the fall durlng normal wealher conditions.

Vegetation er huqr saspling need be carried oul ealy If dose calculations Indicate that the fagestion palthway fros grazing anisals s a
potentially sigalficant exposure pathway (an expesure pathway should be consldered laportant If Lhe predicled dose teo sa fudividal would

exceed 5% of Lhe appiicable radiation protection standard). :
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SAMPLE FORMAT FOR REPORTING #IHITORING DATA

B SIACK SNWPLES
for each samgle analyzed, reportl chy following lnlmtlu;

a. Date saaple was collecled f
b, lecation of saaple cellection
€. Stack flow rate {a*/sec)

Concenlration Errer Estisate!™ Belease Rale Error Estimale lll“' (<)
Radlonuc | fde {pCi/ml) (1Ci/jmi} —{ti/er) —{Ci/qr) {pct/al) t Lo
U-nal ;
ih-230
Ra-226
Fb-210

2. AR SNRLES
for each samcle analyzed, reperl the following informatlos:

4. DBale sample was cellected
b.  lecation of sasple collection

Concentratlon Error Estimatle e
Radlonuc | Lde {pCi/el) __{pci/at) {pCi/ul) X WeC
U-nal
1h-230 ¥
Ha-226 =
Ph-210
Rn-222

l')lhls table illustrates formal only. It {s not & complele 1ist of dala te be reported. (Sea iext of guide and Tables 1 z.d 2.)

“"tu-r ostimate should be calculated at 35X uncertalaty level, based on all seurces of random ervor, acl merely counting erver.
Shynifl ant systesatlc error should ba reperted separately. See Sections 6.1, 2.1.4, and 7.3.

“’AH calrulations of lower Vlalls of deteciion (11D) and perceniages of maximum permlssible concentratien (MPC) should be Included as
suppler ental informatlon.




L=y

. TABLE 3 (Continued)

SAMPLE FORMAT 10B REPORTING HOMITORING BATA
3 LIQUIB SAWPLES
for each sample enalyzed, reporl Lhe following inforsation:

4. ®ste cample was cellecied
.  lecatiew 7 sample callectien
c. lype of sample {fler sxample: surface, ground, drinking, steck, or Irrigatien)

Concentration Error Estimate tie
Radlonuc)} __ fei/al) (e 1/nt)
U-nat (disselvad)

U nat ('w““

Ih-236 (disselved)

ih-230 (sM)“'

Ra-226 (disselved)

02226 (suspended)(?

PL-210 (disselved)

Pu-210 (suspeaded)(®

Po-218 (dissalved)

Po-210 (suspended)(?

for ecach sasple analyzed, repert Lhe (ollewing Infersetlioa:

a Date sample was cellecied
b, locatien ef sasple collection
[S Type of sasple 2nd portln analyied

Concentration Erver Estimatle is
Radlonuc ! ide _fpCi/bg wet) —fpcifng) (eCi/vg)
U nat
Ih-230
Ra-226
re-219 .
fu-210

“)wu all sasplas must be analyzed for suspended radiennclides. See Sections 1.2 and 2.2 of this gaide.
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JARLE 3 (Cont inued)
SAMPLE FORMA® TOR REPORTING MNIITIORING DAIA
SOil A SIBUMMI SNWPLES

for .u'_h ssaple snalyzed, reporl the foliewing lnforsatien:

a.  Dale ssaple was cellecied

b location of sasple collection
c. lype of saagle and pertion snalyred

Cencentratiea Error Estimate Lo
Aadiomu lide _AuCizg) —fetl/g) (eCi/g)
¥ nat
ik-230
Ra-226
Pe-210
fe-210

DIRECT RAGIATION MEASUREMINIS

for each measurement, repert the dales covered by the measuremenl sad the fellewing luforsation:

Exposure Bate frrer Estisale
tocation _{sR/gr)

RADON 1{UX MEASUREMENTS

for each measurement, reporl the dates covered by the measuresent and the following Infersatlen:

Flux Error Estimale

Location (pCi/a®-sec) _{pti/a’-sec)
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Title: Compliance Determination Procedures for Environmental Radiation .
Protection Standards for Uranium Recovery Facilities - 40 CFR 190

; Background

Under Title 40 Code of Federal Regulations Part 190 - Subchapter F -
Radiation Protection Programs, the U.S. Environmental Protection Agency (EPA\
promylgated "Environmental Radiation Protection Standards for Nuclear
Power Operations” which provides 1imits for the radiation dcses received
by members of the public in the general environment as the result of
operations which are part of the nuclear fuel cycle. Effective December 1,
1980, each uranium milling facility* shall conduct its operations in
such a manner to assure that the annual radiation dose equivalent of 25
m1111rems to the whole body, 75 millirems to the thyroid, and 25 millirems
to any other organ cof any member of the public is not exceeded. However,
the dose from radon and its daughters is excluded from these doses. The .
following discussion briefly describes the Nuclear Regulatory Commission's
(NRC) program for compliance determinaticn for uranium recovery facilities.
In April, 1980, the NRC published a proposed amendment to 10 CFR Part 20
“Environmental Radiation Protection Standards for Nuclear Power Operations”
and will shortly finalize this amendment which requires that a NRC
licensee shail comply with 40 “°R 190. This program is also meant to

serve as guidance for the Agreement States in their implementation of 40
CFR 180.

As {1lustrated by radiclogical assessments performed in the uranium

milling generic environmental impact statement (GEIS), 40 CFR 190

compliance will be achieved only by strict emission controls at the

mill. The most significant sources of emissions are the .2ilings
ponds/piles and the yellowcake dryer stacks.  The NRC has made strict
emission control a specific license condition in its Iicensing activities
over the past several years; and it has been an NRC requ1rement that
exposure 1imits be met by emission controls to the maximum extent reasonably
achievable. Such emission control requirements are contained in the

May, 1877 NRC staff position on "Tailings Management Performance Objectives"
and in the final regulations on uranium milling issued in the Federal
Register on October 3, 1580. A copy of the criteria in these regulations
covering emission controls is attached as Appendix B. Certainly land

use control, e.g., expanding the buffer zone arcund a mill site, cannot
exclusively be used as a substitute for reducing actual emissions from

the various milling processes. The primary means of meeting exposure

1i{mits must be by emission control.

“Al1 uranium extraction facilities; to include mills, in-situ operations
and heap leach facilities. .(R&D facilities are not included here since
initial assessments indicate that their size and potential radiclogical
impact are insignificant; e.g., R&D in-situ operations in general have
no airborne particulate releases.)
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Thers are inheren® problems in accurately determining source terms,
particularly from large area sources such as the tailings impoundments.
Also, there are significant uncertainties in the atmospheric transport
models used to compute airborne radioactivity concentrations given a
source term, particularly where there is irregular terrain. Therefore,
the primary means of determining compliance must be by measurements made
at the point of receptor and the procedures outlined below reflect this.
On the other hand, compliance cannot reasonably be vetermined and corrective
action taken where necessary, by inflexibly and rigidly considering

point of receptor data alone. Therefore, environmental measurements at
other locations near the mill and at background locations, effluent
sampling, meteorologic data, and other similar information must be
aveilable to supplement point of receptor data. Such supplemental
information is required most in cases where computed doses approach or
exceed the limit. Other monitoring data will be necessary, for example, -
to screen out effects of mines that may be nearby and may be contributing
to dose.

By no means will the mere assertion that.the mill operaticns utilize
emiscion controls suffice to show compliance to 40 CFR 190 exposure
1imits. The licensee must provide some supportable dose assessments
based on actual environmentz] monitoring data which are compatible with
the procedures discussed below.

Procedure

The ultimate goal ¢f this program is to establish a standardized procedure
which will be used to assess compliance subsequent to the establishment

of each 1icensee's Environmental Monitoring Program (EMP). It will
realistically require as much as a year's worth of effluent and environmental
monitoring to firmly establish whether compliance exists at mills which

are close to the 1imit or where there are significant nearby sources of
radioactive emissions such as mines, which are not covered by the standard.
Much of this time will be spent on the fine tuning of the monitoring and
analysis program that is normally required in setting up such programs

to assure they are operating properly and producing reliable data. It

will also take some time to sort out the contributicns being made by

other sources. This may require some short-term, special environmenta)
measurements. Special studies of the effectiveness of selected emission
control measures may be required. These evaluations may be supplemented

by computer assessments as needed and appropriate.

Eventually, 1t is .anticipated that concentration and dose action levels
(which may even be higher than 25 millirems accounting for contributions
from other sources) will be established in combination with specific

contro] measures and levels as the threshold for determining compliance
with the standard., This will reduce costs of implementation, eliminate
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uncertainty on the part of the licensee, regulatory agency and the
public (particularly in cases where there are significant extraneous
sources), and assure that the need for remedial action is identified
most expeditiously if it exists. ‘

Before environmental mo itoring data is available, which is the situation

in licensing of new facilities or in authorizing significant modification

to existing ones, predictive models must be utilized to evaluate the

potential impacts of the prospective new vperations. Use of predictive

models, in addition to consideration of what 1imited environmental data

exists, is also being used by the staff in the initial 40 CFR 190 implementation
efforts in December of 1980. Predictive modeling assessments of radioactivity
concentrations to which nearby individuals may oe exposed involve

making numerous assumptions and simplifications about important, but

frequently uncertain, factors such as mill releases and atmospheric 8
transport; for this reason, as discussed above, actual compliance determination
will be based on envircimental monitoring data which indicate directly

what such concentrations are. Predictive models, however, are necessary

and valuable tools in evaluating what emission controls are likely

necessary, in identifying potential problem areas, and in establishing
environmental monitoring requirements.

The following describes the procedures which shall be followed in

(A) determining compliance with 40 CFR 180 based on environmental
menitoring data, and (B) assessing proposed operaticns in term of their
ability to meet 40 CFR 180.

A. Assessment of Actual Environmental Monitoring Data

Figure 1 - "40 CFR 190 Compliance Determination Procedure” shows 2
diagram of the various steps to be followed to ultimately assure
compliance to 40 CFR 190 for all licensing applications.

1. Each licensee shall establish an Environmental Monitoring
Program (EMP) consistent with NRC's Regulatory Guide 4.14,
"Radiological Effluent and Environmental Monitoring at Uranium
Mi11s" (April 1980). This doecument provides specific details
for both a pre-operational and the operational monitoring
programs which are considered adequate by the staff to obtain
the necessary information to be used by the licensee to
estimate the maximum potential annuai radiation dose to any
member of the generzl public as a result of actually measured
mill effluent releases. In order to establiish such an acceptable
EMP, each applicant/licensee shall be required to:

a. Develop an EMP and submit a plan to the NRC for review
and approval. Such a plan shall include specific details
of the number, location, collection method (i.e., equipment),
sampling frequency and analysis information for all
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sample types (e.g., air particulate, radon/WL, stack
samples, surface and ground waters, vegetation, food,

: fish, soil, and direct ~adiation). For each site (including
existing mills), at least one year of site specific
meteorological data; e.g., wind speed and direction,

| stability class, etc., shall be collected, summarized,

' and reported. A site map, including all affected off-

site areas, showing each point of sample collection shall
: also be provided. Participation in a Quality Assurance
' Program (QAP) as described in NRC's Regulatory Guide
; 4,15, "Quality Assurance Programs for Radiological Monitoring

Programs (Normal Operations) -Effluent Streams and the
Environment” (February 1979) shall also be discussed in

the EMP plan.

b. Upon NRC's review and approval, the EMP shall be added to
the license and any subsequent change or modification of
the approved EMP shall require that a specific license
amendment be initiated by the licensee. )

¢. The EMP plan shall provide a time schedule providing the
date when each phase of the IMP will become operational.
For new license applicants, 2t least one year of pre-
operationa] monitoring shall be required.. For existing
facilities, a realistic time schedule shall be impiemented;
however, a1l phases of the EMP shall be operational
within 120 days of NRC's approval of the EMP plan.

d. The NRC's Office of Inspection and Enforcement shall
conduct periodic: on-site inspections of both the actual
enyironmental mnitoring systems/locations, as well as
all reports and records of such an EMP to ensure that the
actual operations of the EMP are within the approved EMP
license condition. :

2. Each licensee shall provide an EMP report every six months, as
required in 10 CFR 40.63, "Effluent Menitoring Reporting
Requirements." The report should contain the specific information
as outlined in Section 7 "Recording and Reporting Results" of
NRC's Regulatory Guide 4.14, supra.

3. As 2 license condition, each license shall be required to - L.
submit, in conjunction with its every six months EMP report
(EMPR), its own 40 CFR 180 compliance assessment for NRC
review and action, as described below.



g !

Such an assessment shall be based on data gathered by the
1icensee from the approved EMP as discussed above. Such
data gathering shall include a semiannual survey of land
use (i.e., residences, grazing, water wells, etc.) in the
area within 8 km (5 miles) of the mill. Any difference

in land use from that previously reported shall be discussed
and evaluated with respect to 40 CFR 190 compliance. In
order to minimize records keeping and formal reporting
requirements, while still maintaining a reasonable and
timely review of the EMP, annual averages based on the
immediae past two consecutive six month reporting periods
shall be used. for the compliance assessment and reporting
requirements.

Dose evaluation using site specific input parameters
shall be completad using the standardized procedures °
delineated in Attachment A - "Dese Calculational Guidance",
which are based on NRC's draft Regulatory Guide RH#802-4,
"Calculational Models for Estimating Radiation Doses to
Man from Airborne Radicactive Materials Resulting from
Uranium Milling Operations”. These attached tzbles are
provided to allow the rapid dose calculational assessment
of environment2] monitoring data. Variations in specific
assumptions made in Attachment A will be considered by
the staff upon request.

As necessary, 2 licensee shall indicate in the report
what corrective action is being taken if non-compliance
is determined. Each licensee shall complete its initial
40 CFR 180 compliance assessment and shall submit its EMP
report for NRC review and 2pproval prior to January 1,
1982; and subsecuently withing 60 days after January )

and July 1 of each year thereafter, so long as the license
is active.

Once each year, the NRC shall review and complete its own
independent determination of each licensee's EMPR and 40 CFR

190 compliance assessment. Such a review shall consider the
influence of extraneous sources (e.g., mining and transportation
activities) and any anomalous cata (e.g., the indication of
erroneous data generated during sample collection or sample
analysis).

The NRC Project Manager (PM) shall review 211 submittals,
and shall primarily be responsible for all approvals,
license amencdments and verification of 40 CFR 190 compliance.
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i. Upon determination of compliance to 40 CFR 150, the
PM will document such findings via a brief Memorandum
to File (standardized form memo) for the subject ,
1icense within 30 days of receipt of reports submitted
under 3(c)..

i1. Upon determination of non-compliance to 40 CFR 190,
the PM shall assure that the licensee take any
necessary corrective actions and shall issue specific
license amendments as reguired to accomplish this.

ii1. The PM shall review any variance request per 40 CFR 190.11,
and shall initiate appropriate licensing action as
required. The EPA shall be notified whenever 2
variance is granted.

iv. The WMUR PM for 40 CFR 120 Compliance assessment
shall issue a brief annual report summarizing the
results of <he individual licerse compliance reviews.
This report shall also consider the cumulative dose
to any member of the population due to exposure from
relezses from multipie mill facilities in the general
area. The EPA shall be provided with a copy of this
summary report for their review and comment.

wn

The PM shall periodically review and evaluate the EMP, EMP
reports, and 40 CFR 190 compliance assessments, and shall
eliminate any requirements that experience shows to be nonessential
or shall require specific actions necessary to show compliance.
For example, if the airborme concentration measurements show

that there is no need to continue radium-226, thorium-230, or
lead-210 analyses, then such reguirements shall be eliminaled

from the EMP. Effort will be made to streamline the periodic
compliance assessment effort by prescribing specific concentration
levels which, based on experience and in combination with

other readily observable parameters related to mill operations

and local land use, could be relied upon to determine compliance.

B, Predictive Modeling

Figure 2 - "NRC 40 CFR 190 Assessment of Prospective Milling Operations®
shows a diagram of the various steps to be followed by the NRC
Project Manager in licensing reviews.

1. All existing data, e.g., source term, environmental monitoring
data, land use, population distribution, meteorology, etc.,
shall be gathered and reviewed by the NRC Project Manager
(PM).
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The NRC PM shall complete an independent radiological assessﬁent
to 40 CFR 190 compliance based on precictive modeling using
methodology as described in Regulatory Guide RH#802-4.

These assessments shall be documented in the Environmental
Impact Statement (EIS) or environmental appraisal conducted in
support of the licensing action. These assessments shall
consider the cumulative dose to any member of the population

due to exposure from releases from multiple mill facilities in
the general area.
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APPENDIX A

Attachment A
-Dese Calculational Guidance

The estimated dose received by any member of the general population shall be
calculated based on the applicable potential exposure of the nearest
resident in the off-site area surrounding the mill site. The total dose
shall te the sum of the external exposure (i.e., due to radiation sources
outside the body) and of the internal exposure (i.e., radioactive materials
within the body) as follows:

1. External Radiation Exposure -
The direct radiation exposure may be assumed to be equal to
the actual personal cr environmental dosimetric data Tess
4 the appropriate background contribution.

2. Internal Radiation Exposure -

The total dose to organs (e.g., lung, bone, whole body, étc.)
shall be evaluated based on summing all applicable human pathways,
such as:

a. Inhalation of Airborne Particulates -

The measured airborne concentration muitiplied by the
dose conversion factors as given in Table A-1.

b. Ingestion of Contaminated Food and Milk -
The measured concentration in the food product multipled
by the dose conversion factor as given in Table A-2(a)
through (¢).

c. Ingestion of Meat or Milk from Livestock Grazing on
Contaminated Vegetation -

The measured concentration in vegetatien (e.g., grasses
in grazing areas) multiplied by the dose conversion
factor 2as given in Table A-3(a) and (b).

d. Ingestion of Contaminated Water -

The measured concentration in potable water multiplied
by the dose cenversicn factor as given in Table A-4.

’



€. Ingestion of Meat or Milk from Livestock Watered on
Contaminated Water -

The measured concentration in water used by livestock for
watering purposes multiplied by the dose conversion
factor as given in Table A-5(a) and (b).

If any of the human exposure pathways as given above are not in evidence

at a mi1] site, then that dose contribution cbviocusly does not need to

be considered here. The total dose for each critical organ shall be

obtained by summing the dose due to each radionuclide of the uranium

decay chain series (i.e., uranium, radium-226, thorium-230, lead-210,

and polonium-210) and through each pathway, i.e., inhalation plus

external exposure plus any applicable ingestion pathways. However, the

dose due to the inhalation pathway shall be of primary concern, with the :
cther pathways providing suppiemental information regarding possible exposure.’
Additionally, a thorough evaluation of background cenditions must be complieted
so that any contribution due to the mill operations (i.e., value measured at
point of receptor less applicable background level) may be adequately assessed.

The point of receptor data must be reviewed in connection with other environmental
and effluent monitoring data, and other appropriate information or assessment tools
(such as computer modelina where this may be helpful). in cases where extraneous
sources may cause calculated doses to exceed the 40 CFR 190 limits or where
anomalous data may be encouritered.



Table A-]

Dose Conversion Factors for the Inhalation of Airborne Particulates

(Mi11iRem per pCi/m°)*

Whole
Radionuclide Body Bone Lung
U-238 4.32 79.2 158
U-234 4.92 79.5 180
Th-230 166 5950 3220
Ra-226 30.9 309 6610
Pb-210 4.36 13§ 772
Po-210 0.47 1.92 420

*The 50-year dose cgnmitment for each vear of
exposure to 1 pCi/m? of each_radionuclide for an

“adult breathing rate of 20 m</day. Particle size

of 1.55 um AMAD (i.s.. mean diameter of 1 um and
density of 2.4 g/cm”) being representative of
uranium ore. The Quality Factor for alpha radia-
tions is 10. The total dose per organ is the
summation of doses due to each radionuclide.
(Regulatory Guide RHM#802-4).



Table A-2(a)
Dose Converson Factors for Ingestion of Contaminated Meat

(Mi11iRen per %%1)'

Radionuclide Whole Body Bone Liver Kidney
U-238 3.55 £-03 .01 £-02 0.0 1.37 £-02
U-234 4.05 €03  6.85 £-02 0.0 1.56 £-02
Th-230 4.46 §-03 1,61 £-01 .16 E-03  4.42 E-02

Ra-226 3.60 £-01 60 £+00 4.48 E-04  1.28 £-02
P5-210 4.26 €-02  1.20 £+00

w

.42 £-03 9.63 E-01
Po-210 7.01 E-03 2.79 E-02 5.92 E-02 1.97 E-01

*The 50-year dose commitment for each year of ingestion of contaminate&
medt. The abave factors correspond to an adult ingestion rate of 78.3
 kg/yr of meat (beef, poultry, pork, mutton). (Regulatory Guide RH#802-4).



Tahle A-2(b) "y
Dose Cenversicn Factors for Ingestion of Contaminated £dible Vegetation®

Shy pCi
(_Mx'lhRem per Fg—)

Radionuclide Whole Bedy Bone Liver ~ Kidney
U-238 2.38 E-03 4,03 E-02 0.0 9.19 E-03
U-234 2.71 E-03 4,39 £-02 0.0 "1.04 E-02
Th-230 2.99 E-03: 1.08 E-01 6.14 E-Q3 2.97 E-02
Ra-226 2.42 £-00 2.42 E+00 3.01 £-01 8.56 E-03
Pb-210 2.86 £-02 8.03 £-01 2.29 E-01 6.46 E-01 °
Po-210 4.51 E-03 1.87 E£-02 3.97 £-02 1.30 £-01

*The 50-year dose coimitment for e2ch year of ingestion of contaminated .
edible vegetation. :

A factor of 50% activity reduction through food preparation was
assumed, and an adult ingestion rate of 105 kg/yr total vegetable
ingestion rate, as well as uniform concentration throughout all
vegetable types. Should data be presented as concentration of
edible above ground vegetables, C.; potatoes, C,; and other below
ground vegetables, Cq; then the following weighted concentration
Cy should be used when multiplying the above dose factors:

N ® 0.38 ¢ + 0.58 Cz + 0.08 C3

Table 5 of Regulatory Guide RM#802-4 details the bSrezkdown of
vegetable consumption.



Table A-2(c)
Dose Conversion Factors for Ingestion of Contaminated Milk
(Mi11iRem per pCi/1)*

Ragionuclide Whole Body Sone Liver Kidney
U-238 5.90 £-03 9.97 E-02 0.0 2.28 E-02
U-234 6.72 £-03 1.08 E-01 0.0 2.59 E-02
Th-230 7.41 E-03 2.68 E-01 1.52 E-02 7.35 E-02
Ra-225 5.98 E-01 $.88 £+00 7. 46 E-04 2.12 E-02
Pb-210 7.07 E-02 1.99 E+00 5.58 E-01 1.60 E+00
Po-210 1.12 E-02 4.63 E-02 ©.83 E-O2 3.28 E-01

*The 50-year ccmmitment for each year of ingestion -f cuntaminated milk.
These values are based on an adult consumption rate of 130 liters/year.
Since children drink greater quantities, the resultant dose is much
higher for younger people.

aduits.

Dose conversion factors, as before, are for
Proper dose conversion factors and milk consumption rates

for other age groups are presented in Regulatery Guide RH#802-4.



Table A-3 (a)
Dose Conversion Factors for Ingestion of Meat from Cattle
Grazing on Contaminated Vegetation

(Mi11iPe: per E%i)'

Radionuclide Whole Body Bone Liver Kidney
U-238 6.04 E-05 1.02 £-03 0.0 2.33 £-04
U-234 suEy: 1N 890 2.65 E-04
Th-230 4.46 E-05 1.61 E-03  9.16 E-05 4.42 E-04
Ra-226 - 9.18 E-03 §.18 £-02  1.15 E-05 3.25 E-04
Pb-210 1.51 E-03 4.25 £-02 - 1.21 E-02 3.42 E-02
P0-210 2.39 £-06 660 £-04  2.10 E-03 7.00 E-03

*The 50-vear dose commitment for each year of ingestion ¢’ meat. The

above values are based on the following.
i) Animal upta's of vegetation: 50 kg/day

i1) Environmental transfer coefficients: (oCi/kc )

pCi/cay
U-3.45x10"
Th - 2.0.x 107
Ra - 5.1 x 107
Pb - 7.1 x 107
P - 7.1 210"

ii1) Adult meat ingestion rate: 78.3 kg/year

iy) Adult ingestion dose conversion factors (see Regulatory Guide RH#B0Z2-4)



Table A-3(b)
Dose Conversion Factors for Humen Consumption

of Milk from Dairy Cows Ingesting Concaminated Yegetation

2Ci e
(Mi111Rem per - )

Radionuclide

Whole Body

Bone

Liver

Kidney

U-238
U-234
Th-230
Ra-226
Pb-210
Po-210

1.80 E-04
2.05 E-04
1.85 E-06
1.76 E-Q02
4.24 £-04
6.70 E-05

3.03 E-03
3.31 E-0e
6.70 E-08
1.76 E-01
1.19 E-02
2.78 E-0C4

0.0
0.0
3.80 E-C§
2.20 E-05
5.87 £-03
5.80 E-04

6.94 E-04
7.89 £-04

1.84 E-05 -

6.25 £-04
9.59 £-03
1.97 £-03

*The 50-yvear dose ccmmitnent for each year of ingestion of milk. The
above values are based on the following:

i) Animal uptake of vegetation: 50 kg/day

ii) Environmental transfer coefficients: ( pCi/kg )

U -6.1x 10 ki
™ - 5.0 x 10°6
-
Ra - 5.9 x 104
Pb - 1.2 x 104
Pe - 1.2 x 104

§41) Adult consumption of milk: 130 liters/year

iv) Adult ingestion dose conversion factors (see Regulatory Guide RH#B02-4)



Table A-4
Dose Conversion Factors for Human Consumption
of Contuminated Water

(Mi114Rem per 2_?_’_)-

b ——  ———
.

; Radionuclide Whole Body Bone Liver Kidney

B 1.68 E-02  2.84 E-01 0.0 6.48 E-02

| U-234 .91 02 3.9 E-01 0.0 7.36 E-02
Th-230 2.1 £-02  7.62 £-01  4.33 £-02  2.09 E-01
Re-226 1.70 400 1.70 E+01  2.12 £-03  6.03 E-02
Pb-210 2.01 E-01  5.66 £+00  '1.62 E+00  4.55 E+00
Po-210 3.18 £-02  1.32 £-01  2.80 £-01  9.32 £-01

*The 50-vear dose commitment for each year of ingestion of contaminated
water. The above values are based on an average adult consumption
rate of 370 1iters/year (Regulatory Guide 1.10%) and adult ingestion
dose conversion factors (Regulatory Guide RM#802-4).



. Table A-5
Dose Conversion Factors for Ingestion
of Meat from Cattle Watered on Contamirated Water

(Mi111Rem per PLi)«

1
Redionuclide Whole Body Bone Liver Kidney
 U-238 6.04 E-05  1.02 E-03 0.0 2.33 E-04
U-234 6.88 E-05  1.11 £-03 0.0 2.65 E-04
Th-230 4.46 E-05  1.61 £-03  9.16 E-05  4.42 E-08
Ra-226 9.18 £-03  9.18E-02 1.5 E-05  3.25 E.04
Pb-210 1.51 £-03  4.25 €-02  1.21 E-02  3.42 E-02
Pb-210 2.39 E-04 .90 £-04  2.10 E-03  7.00 E-03

*The S0-year dose commitment for each year of ingestion of meat.

The above values are based on the following:
) Aninal uptake of water: 30 liters/day
11) Environmental transfer coefficients: (DCi/kg )
U-3.4x10% i
™ - 2.0 x 1074
Ra - 5.1 x 1074

Pb - 7.1 z 104
Po - 7.1 x 10°4

i11) Adult meat ingestion rate of 78.3 kg/year

“iv) Adult ingestion dose conversion factors (see Regulatory Guide RH#802-4)



Table A-5(b)
Dose Conversion Factors for Human Consumption
of Milk from Dafry Cows Watered on Contaminated Water

(Mi11iRem per E%l)'

R‘dicnucTide whole Body Bone Liver Kidney
U-238 2.16 E-04 3.65 E-03 0.0 8.33 E-04
U-234 2.46 E-04 3.98 E-03 0.0 9.47 E-04
Th-230 2.22 £-06 8.03 E-05 4.56 E-08 2.20 E-05 .’
Ra-226 2.12 E-02 2.12 E-01 2.64 E-05 7.50 E-04
Pb-210 5.09 E-04 1.43 E-02 4.09 £-03 1.15 E-02
Po-210 8.04 E-05 3.33 E-04 7.08 E-04 . 2.36 E-03

*The 50-year dose commitment for e2ch year of ingestion of milk.
The above values are based on the following:

i) Dairy animal intake rate: 60 liters/day
11) Adult ingestion milk rate: 130 1iters/vear

111) Environmental transfer coefficients: pCi/l1iter
(ECTéﬁii"')
U- 5.1 x10%

Th - 5.0 x 1076
Ra - 5.9 x 107¢
Pb - 1.2 x 10-4
Po - 1.2 x 1074

fv) Adult ingestion dose conversion factors (see Regulatory Guide RH#802-4)
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impacis of operation: and 1o detect potential
lorg term eflects.

Criterion B=Milling operations shall be
cenducted 8o that all airborne elfuent
relesases are reduced 1o Jeveis as low as is
reasooably achievable. The primary means of
accomplistiing s shall be by means of
exission controls. Lastitutional controls, such
43 extending the site boundary and exclusion
area. may be employed to ensure that offsite
exposure limits are met, bul only after all

. pracsicable massures have been laken 10

control emissions al the sowrce. -
Notwithstanding the existence of individ
dose standarda, strict control of emissions is
Decessary Lo assure that population
exposures are reduced (0 he maximum
exient ressonably schievabie and to avoid
sile contamination. The grestest potential
sources of ofisite radiation exposure (aside
fom redon exposure) are dusting frow dry
rfaces of the tailings disposal area not
covered by ilings solution and emissione
Lom yellowcaxe drying and packaging
operstions.

Checks sball be made and Jogged bourly of
sl parameiers (eg. diferential pressures and
rcrubber waler Jow rales) which determine
e efficiency of yellowcake stack emission
contrel ewwpment operstion. It shall be
delermined whether or nol conditions are
within a range prescribed 10 ensure tha! the
equipment is operating consisienly near
peak eficiency: corrective action sball be
taken when performance is outside of
prescribed ranges. Efluent control devices
thall be operstive at all times during drying
and packaging operations and wbenever air
Is exhausting from be yelowcake stack
Drying and packaging operations sbhall
Lerrainate when controls are inoperative
When checks indicate the equipment is not |
opersting within the range prescribed for
peak efficiency, sctions shall be taken to
resiore parameiers 1o the prescribed range.
When this cenoot be done without shutdown
end repairs, drying and packaging oporations
shall cease ce 500D a9 practicable
Operstions may no! be re-started after
cessation “ue to off-normal performance untll
needed corrective actions bave been
jdentified and lmplemented. All such
Cessations, corrective actions, and re-starts
shall be reported to the appropriste NRC
regional office as indicated o Criterion BA, in
writing, withio 10 days of the subsequent
restart

To control dusting from lailings, that
portian not cavered by sianding liquids shall
be wetted or chemically stabilized to prevent
or minimize blowing and gusting 1o the
maximun extent ressonably achievavie This
requirement may be relaxed if tailings are
effectively sheitered from wind such as may
be the case where Lhey are disposed of below
grade and the tailings surface is ot exposed
10 wind. Consideration shall be gpiven in
planning tailings disposal programs to
methods which wouid sllow phased covering
snd reclamauon of tailings impoundments
since this will help in controlling parucuiate
and radon emissions during operation. To
control dusting from ciffuse sources. such as
tailings and ore pads where sutomatic
controls do not apply, operators shall develop
writlen operating procedures specifving the
methods of control which will be utilized

Criterion 8A—Daily inspeclions of tailings
or wasie retention sysiems shall be
conducted by a qualified engineer or scientisl
and documented. The appropriate NRC
regional oifice as indicaled in Appendix D of
10 CFR Part 20. or the Director, Office of
Inspection and Enforcement. US. Muclear

‘Regulatory Commission. Washington. D.C

20558, shall be tnmediately notified of any
failure o & tallings or wasie reienton sysiem
which resulis 1o s relense of talings or wasie
into unrestricted areas, and ‘or of any
unusual conditions (conditions not
contemplaied in the design of the retestion
sysiem) which If nnt correcied could indicale
the polential or lead to fallure of the sysiem
and result in o relesse of tailings or waste
into unrestricied areas.

[l Financial Criteria

Lriterion $=Financial surety wrangements
shall be established by each mill operator
prior to the comméncement of operations to
assure that sufBoent funds will be avallable
to carry out the decontamination and
decommissioning of the mill and site and for
the reclamation of any tailings or waste
disposal areas. The amount of fundas to be
ensured by such surety errangements shall be
based on Commissron- pproved cost
estimaies in @ Commission-approved plan for
(1) decontamination and decommissioning of
mill buildings and the milling site to levels
which would allow unrestricted use of these
aress upon decommissioning and (2) the
reclamation of wilings and/rr was e disposal
aress in sccordance with lecanical criteria
delinesied in Section | of this Appendix. The
licensee shall submil this plas in conjunction
with an environmental report that addresses
the expecied environmental impacts of the
milling operation. decommissioning and
tailings reclamation and evaluates
aliematives for mitigating these impacts. The
surety shall also cover the payment of the
charge for |.ng \erm surveillanse and control
required by Criterion 10. Lo establishing
specific surety wrrangemenia. the licensee's
cost estiznates shall take (nio sccount total
costs that would be incurred if an
independent contractor were hired tv perform
the decommissioning and "eclamation work.
In order to avoid unnecessary duplication
and expense, the Commission mey accept
financial sureties that beve been
consolidated with financial or surety
arrangements established 1o meet
regqurements of other Federal or state
agencies and/or local governing bodies for
such decommussioning. decontamination.

reclamation. and long term site surveillance .

and control provided such arangements are
considered adequate 10 satsfy these
requirements and that the portion of the
surety which covers the decommissioning
and reclamation of the mill mill tailings site
and associaled areas, .nd the long \erm
funding charge is clearly identified and
committed for use 1o accomplishing these
acuvities. The licensee s surety mechanism
will be reviewed annually by the Commission
to assure thet sufficiznt funds would be

s ‘aiiable for compietion of e reclaination
pho U the work bad 10 be performed by an
incenendent contracior. The amount of surety
liabili.y shouid be adjusied 10 recognize any

increases or decreases resulling from ' -
inflation. changes in engineering plans.
activities performed. and any other
conditions affecting costs. Regardless of
whether reclamation is phased through ibe
life of the operstion or takes place al the end
of pperations, an a; propriale portion of
surety liability sball be retained until final .
compliance with the reclamation plan is |
determined. This will yield » surety that is !
Jeast sufficient at all times to cover the costs
of decommissioning an | reclamation of the -
areas tha! are expected to be disturbed -
before the next licernse renewal. The term of
the surety mechanism must be open ended,
unjess it can be demonstreied that another
arrangement would provide an equivslent
level of assurance. This assurance could be
provided with a surety instrument which is
written for a specified period of time (e.g..
five years) ye! which must be sutomatically
renewed uniess the surety notifies the
beneficiary (the Commission or the Siate
regulatory egency) and the principal (the
licensee) some reasonable time (eg.. 90 dayvs
prior to the renewal date of their intention
pol 10 renew. 1o such a situation the surety
requirement still exists and the licensee
would be required 10 submit an scceplable
replacement surety within a brief penod of
time 10 allow al Jenst 60 days for the
regulatory agency to collect.

Proof of {orfeiture mus! not be necssary 1o
collect the surety so thal io the even! thal the
licensee could pot provide an acceplable
replacement surety within the required time,
the surety shall be aviomatically collected
prior 1o its expiration. The conditions
described above would have 10 be clearly
stated on any surery instrument which is pot
open-ended, and mus! be agreed to by all
parues. Financial surety arrangements
generally acceptable 1o the Commission are:

(a) Surety bonds: U e

(b) Cash deposits: " il it

(¢) Certificates of deposit: %

(d) Deposits of governmer® securities:

(e) Lrrevocable letiers or lines of credit

() Combinations of the sbove or such ©
types of arrangements as may be approved
by the Commission. Fowever, self nunnmi
or any arrangement which essentially
constitutes self insurance (e.g. a contract

_ with a state or federsl agency). will not

satisfy the surety reguirement since this
provides no additional assurance other thorﬁ
that which already exists through license
requirements.

Criterion 10-—A minimum charge of
$250.000 (1978 dollars) to cover the costs of
long term surveillance shall be paid by each
mill operator 10 the general treasury of the
United States or to an appropriate Siate
agency prior 1o the termination of a urani
or thorium mill license. Fite-

I site surveillance or control requiremen
at # particular site are determined, on the
basis of a site-specific evaiuation. 10 be
significantly greater than those specified in
Criterion 12 (eg. if fencing is determined 1
be necessary) variance in funding
reguirements may be specified by the
Commission. In any case, the total charge t
cover the costs of iong term surveillance si
be such that with and assumed 1 percen)
annual real interest rete, \he collecied fun
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